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PREFACE. 


Thk  tollowiiig  lunuei’ical  i)iul)leiii8  on  tlie  chief  proj)ertie.< 
iiinl  leactioiis  of  tlic  more  iinpoitaiit  element.';  ami  inorganic 
conqiouiuhs  are  intemleil  to  be  used  in  conjunction  with  a 
(le.scri])tive  te.\t-hook  of  chemi.stry. 

The  beginner  is  supposed  to  be  aci|uainted  with  elementary 
arithmetic.  Those  more  ailvanced  are  stiongly  advised  to  learn 
the  iinr  of  logarithms,  when  Tables  VI.  and  VII.  will 
materially  lighten  the  arithmetical  labemr. 

Those  portioms  of  the  introduction,  which  may  be  omitted 
on  a first  jtcrusal,  and  a few  of  the  more  dillicult  problem.s,  are 
markeil  off  by  lines. 

For  the  sake  of  simplicity,  and  to  avoid  irequent  changes,  in 
many  cases  the  numbers  used  are  only  approximate.  More 
accurate  data  will  be  found  in  my  “Numerical  Tables  and 
Constants  in  Elementary  Science.” 

The  mass  of  a litre  of  oxygen,  l-429bl  gm.,  is  known 
more  accurately  than  that  of  any  other  elementary  gas  (cf. 
Xuttu'fi,  Ap  1.3,  1893),  and  it  is  convenient  to  assume  0 = 16  as 
the  basis  of  the  system  of  atomic  weights.  Hence  “two 
volumes”  are  equal  to  32/1 '42961  =22'3837  1.,  and  the  “crith” 
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or  mass  of  one  litre  of  tlie  standard  liyi'othelical  gas  is  0 08035 
gin.  For  purposes  of  eleinentary  instruction  it  is  snfliciently 
correct  to  adliere  to  the  time-honoured  “ah.solute  volume,” 
11 '2  h,  of  Williamson,  and  the  “crith,”  00896  gm.,  of 
Hofmann. 

S.  L. 

London,  JuIu,  1898. 
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CHEMICAL  ARITHMETIC. 


(1.)  Mass  N'olumk,  and  Density. 

The  mass  (.1/)  of  or  ([iiaiitity  of  matter  in  a liocly  remains  eon- 
.slant  so  Ion"  as  nothin"  is  .aiMeil  to  or  taken  from  tliu  hoily. 

The  volume  (/')  or  luilkiness  of  a body  varies  with  the  eoiulitions, 
siieh  as  |iivssnro  and  temjau'ature,  to  whieh  it  is  suhjeeteil. 

'file  density  (A)  of  a liody  is  measured  hy  the.  numher  of  units 
of  nutss  contained  in  the  unit  of  volunn;  of  it. 

Henee.l/=  I'A.  /' = A = A. 

A r 

In  the  metric  system  tin'  density  of  a solid  or  liijuiil  is  (‘xjires.sed 
hy  the  numher  of  "rams  in  a cuhic,  centimetre  cd'  it,  or  by  tin? 
numher  of  kilograms  in  a litre  of  it.  Since  a cuhic  centimetre  of 
w.ater  weighs  very  nearly  a gram,  the  density  of  a sidid  or  li([uid 
may  also  bo  ox]iressed  hy  the  numlier  of  timi^s  it  is  heavier  than  an 
e(|ual  volume  of  water. 

'rims  the,  expression  that  the  density  of  (‘o])per  is  8 '9  means  that 
a cuhic  centimetre  of  c,o[i]ier  weighs  8'9  grams,  or  is  8'9  times  as 
heavy  as  an  ecpial  volume  of  water.  From  this  it  follows  that 
1000  ecm.  of  copper  contain  1000  x 8'9  = 8900  gin.,  and  that 

1000  gm.  of  cop]ior  occupy  = 112‘3(J  cciu. 

8 '9 

From  these  relations  many  ipiestions  connected  with  changes  in 
volume  and  density,  wdien  substances  mix  or  combine,  can  be 
■ solved. 

If  metals  having  volumes  F,  J'.,  and  densities  A,  A„  A.,  are 
I melted  together  to  form  an  alloy  of  volume  and  den.sity  A^, 
since  the  melting  produces  no  change  in  the  mass  ; — 

F,A,  -t  r,A,  + V,A^  = 


E 


II 


2 


MASS  VOLUME  AND  DENSITY. 


[§L 


Afraiii  if  ina.s.scs  of  iiietiils  J/„  M.,,  form  an  alloy  of  mass 
without  permanent  change  of  volume  : — 

'!£'  I 

A[  Ao  A.,  a/ 

Tims  to  find  the  density  of  the  native  alloy  (IIg.,Au.,)  of  GOO 
jiarts  of  mercury  (A  13'.G9)  and  393‘2  ]iarts  of  gold  (A  19-3)  su]i- 
posing  that  no  contraction  takes  place  The  mass  of  the  allov  is 
GOO  + 393 ‘2  grams. 

GOO  393-2  _ 993-2  . _ 

13 -.GO  Aj  A^  _ 

The  density  is  found  hy  experiment  to  ho  l.'i-47,  hence  a small 
contraction  takes  place  during  the  combination. 


In  the  English  system  the  density  of  a solid  or  liquid  is  measured 
by  the  number  of  iiounds  in  one  cubic  foot  of  it  ; and  the  number 
of  times  a soliil  or  liquid  is  heavier  than  water  is  sjioken  of  as  its 
specific  gravity. 

Since  a cubic  foot  of  water  weighs  62-4  lb.,  the  density  of  a solid 
or  liquid  according  to  the  English  system  is  62-4  times  its  specific 
gravity. 

Thus  mercury  is  13-59  times  as  heavy  as  w-ater  (sjiccific  gravity), 
and  a cubic  foot  of  it  weighs  13-59  x 62-4  = 848-016  lb. 
(density). 

■WKiGiir. 

The  mass  of  a body  is  in  jn-actice  usually  measured  by  its  weight, 
that  is  by  ■'die  attraction  of  the  earth  iqion  it.  This  attraction  is 
equal  to  the  mass  of  the  body  multiplied  b}^  (r/)  the  velocity  which 
it  would  a(s|uiro  by  falling  iVcoly  in  vacuo  for  a second  under  the 
influence  of  the  attraction  of  the  earth. 

= M(j  (where  g = 981  cm.  in  London). 

The  acceleration  due  to  the  attraction  of  the  earth  {g)  increases 
as  a body  passes  from  the  Equator  to  the  Pole,  because  it  comes 
nearer  to  the  centre  of  the  earth,  and  is  also  less  affected  by  the 
rotation  of  the  earth.  Hence  the  weight  of  a body  varies  with  its 
geographical  position  and  distance  from  the  sea-level. 

If  the  masses  of  two  bodies  at  different  jilaces  were  compared  ] 
by  estimating  their  weights  with  spring-balances,  a correction  for  ' 
the  difference  of  gravity  at  the  two  places  would  have  to  be  intro-  i 
duccd.  But  in  practice  the  masses  of  bodies  are  determined  by 
comparing  them  in  a balance  with  pieces  of  metal  of  known  mass  i 
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{“  Wfi^'lits  ”)  oil  whirli  the  rartli  exeivisc.s  an  (K^iial  attraction. 
Hence  in  a halanco  inas.se.s  ami  not  wciglit.s  are  in  reality  e.stiinateil. 

'I’lie  Wont  weight  is  olten  n.seil  when  ina.ss  i.s  really  meant,  e.(j.  a 
orain  or  a pomnl  is  a unit  of  mass  anil  not  a unit  of  weight. 


(2.)  hi. nil  I'nKs.sniK. 

Most  lii[uiils  such  as  water  ami  merenry  are  fonml  to  ileerease  in 
■volume  Very  slightly  uniler  inereitseil  |ire.ssnre,  hence  they  are 
•sjioken  of  as  “ ineoni]iressilile ” llniils.  (lases  ami  a few  lii|\iiils  of 
•very  low  hoiling  jioint  ileerease  in  volume  eonsiilerahly  umler 
lim-reaseil  pre.ssure  anil  are  s|Joken  of  as  “ comiire.ssihle  ” tlniil.s. 

Fluiils  are  founil  to  transmit  pre.ssure  eipially  iu  all  ilirections, 
ami  it  is  ol'teii  convenient  to  measure  ]ire.s.sures  hy  the  lengths  of 
columns  of  incomjire.ssihle  tluiils  which  proiluee  pre.ssnres  eipial  to 
itlio.se  which  are  to  he  measureil. 

(i.)  The  pre.ssure  [‘on  the  layer  of  mercury  at  the  hottom  of  atuhe 
'i76  ciii.  long  ami  1 .scm.  in  area  is  eipial  to  the  weight  of  the  mercury 
(A  H5‘.’)06)  above  it. 

r = M(j  = 76  X 1 X 13-ritUi  X >f  = 10;i3-3  X //gmi. 
or  P = the  weight  of  10.33 ’3  gin. 

(ii.)  The  jire.ssuro  then  of  a l■olunln  of  liipiiil  1 scm.  iu  area  i.s 
• ex]ire.sseil  by  the  height  of  the  eoliimii  in  cm.  x the  density  of  the 
lliipiiil  {;/  is  neglected  as  constant  for  the  .same  jilace). 

Hence  two  columns  of  two  liipiids  of  heights  7/j  1I„  and  densities 
lA]  and  A._,  ]iroduee  eipial  pre.ssnres  if  77jA,  = 77, A... 

Thus  to  fnid  the  height  of  a column  of  merciiry’(A  13‘fiO)  which 
vwill  ]irodiiee  the  s.ame  pressure  as  a column  of  water  (A  1)  217  mm 
lliigh. 

77j  X 13-59  = 21 '7  X 1.  H,  = l-59Gcm.  = 15-90  mm. 

(iii.)  Su])po.se  a solid  of  nia.ss  .17,  .such  as  an  hydrometer,  float  in 
a liipiid  of  density  A with  a volume  /' imnierseil.  'I’lie  weiolit  of 

Dtthe  hydrometer  jire.sses  downwards,  and  a pressure  eipial  to  that  of 
tthc  liipiid  displaced  acts  iijiwards  : — 


.17;/  = I'A;/ 


Or  the  m.ass  of  the  hydrometer  divided  by  the  volume  of  it  wliich 
i.s  iinmeised  gives  the  demsity  of  the  liquid  in  which  it  floats. 

(iv.)  When  substances  .are  weighed,  they  are  usually  in  air  and 
1 hence  appear  to  weigh  less  than  they  really  do  by  a weight  equal  to 

B 2 
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THE  BAROMETEE. 


[§  3. 


that  of  the  aiv  (lis])laeoil.  Tlie  wcii'hts  aie  also  alfecled  by  the 
same  cause.  Hence  if  I',  be  tlie  volume  of  the  s\ibstance,  ami 
r,c  the  volume  of  the  weights  in  cubic  centimeti'es  ; ami  a the 
mass  of  1 ccin.  of  aiv  at  t°  C.  ami  with  the  havometer  stamlin"  at 
II  mm. 

'J'he  veal  mass  of  the  substance  is  ecjual  to  the  mass  of  the  weights 


-I  a{V. 


/'„) ; wheve  a = 


0-001293  X 11 
(1  ■wmsit)  X 700' 


(6.) 


(3.)  Tiir.  Baiiometeu. 

The  havometev  in  its  most  simple  fovm  consists  of  a tube  about  , 
1 cm.  across  ami  80  cm.  long,  closed  at  one  end,  filled  with  mev- , 
cury,  and  inverted  in  a vessel  of  mercury.  Since  fluids  transmit ' 
jiressure  equally  in  all  directions,  the  pre.ssure  of  the  atmosphere 
on  1 scm.  of  surface  of  the  mercury  in  the  ve.ssel  is  equal  to  that 
on  1 scm.  of  mercury  at  the  s.ame  level  in  the  tube.  Hence  the 
weight  of  the  mercury  in  the  tube  measures  the  jiressure  of  the  air 
outside. 

The  standard  iiressure  of  the  air,  called  an  atmos])hcre,  is  taken 
as  equal  to  that  of  a column  of  mercury  760  mm.  or  76  cm.  high. 
The  jires-sure  of  an  atmosphere  then  (2.  h)  is  isjual  to  that  of 
1-0333  kilog.  on  the  scm.  or  14-7  lb.  on  the  square  inch. 


Since  increase  of  temiierature  causes  the  mercury  to  exjiand  and 
become  less  dense,  and  the  scale  to  become  longer,  a correction 
must  be  aiqdied  for  any  temperature  r C.  (6).  If  the  reading  on 
a brass  scale  be  h mm.  the  true  height  77  is— 


77  - 7i 


(1  + -0000190 


= h (1  - -000160- 


The  higher 


(1  -I-  -000180 

' a barometer  is  carried  aliove  .sea-level  the  less  is  the 
action  of  gravitj'  ui>ou  the  mercury  and  the  shorter  is  the  column 
of  air  above  the  instrument.  lienee  for  each  10-.6  m.  through 
which  the  instrument  is  raised  the  mercury  falls  about  1 mm.  This 
only  applies  to  small  elevations.  Or  for  each  metre  that  the  jilace 
of  obser\-ation  is  above  sea-level  about  -095  mm.  must  be  added  to 
the  ai>parent  height  of  the  mercury. 

The  difference  in  height  in  metres  D between  two  places  at  1 C. 
and  C.  where  the  barometer  stands  at  IT  and  h m.  is  given  by 
the  formula  : — 


n = 16000  1 -f 


2{T  + t) 


1000 


77 


H + h 


4,  5.]  TIIKRMOMETKKS.  : 

(4.)  IJIB  ClIANGK  IN  VoLUMK  OB  A JIasS  OB  GaS  I’lIOnUCED 
Bv  Chance  ob  1’kessuke. 


IJoYi.E  s Law. — Tlw  volume  of  a mass  of  "as  varies  inversely  as 
he  pressure  upon  it. 

Hence  the  volumc_  (d)  of  a mass  of  "as  multiplied  l.y  the 
iressure  upon  it  (p)  is  equal  to  the  new  volume  ( C)  of  the  same 
iiass  of  "as  multiplied  liy  the  new  pressure  (I’). 


VP  = vp 


V = 


Thus  to  find  the  new  volume  if  250  ecm.  of  "as  under  the 
ressure  i42inm.  have  the  pressure  increased  to  760  mm. 

250  X 742 

^ ~ = 244-08  ccm. 

/DO 


( 5 . ) 'r  n E n .M  o.M  ET  E ns. 


1 he  tempeiature  or  hotness  of  bodies  is  usuallv  measured  by 
lermometers,  which  "enerally  consist  of  enclosed  volumes  of 
ir  or  mercury  Irom  the  e.xpansion  of  which  the  teniiierature  is 
etermined. 

In  u'cij  ca.sc  two  “ fixed  points’  are  taken,  the  mellin"-point  of 
:e,  and  the  boiliiig-point  of  water  under  a i.ressure  of  760  mm.  of 
lereury.  Ihe  dillerence  in  temperature  between  these  two  fixed 
Jints  i.s  divided  into  a number  of  eipial  degrees,  and  the  graduation 
earned  above  and  below  the  lixetl  points. 

Ihree  dill’erent  scales  are  in  use  : — 


JMeltiii"  of  Ice.  Interval, 
he  ( entigrade  scale  0“  C.  100'‘(’. 

ahrenheit’s  scale  32“  F.  F. 

eaumur’s  scale  O”  K.  g0° 

Since  the  dill'crence  in  ti-mperatiire  bidween  the 
the  same  in  each  l ase. 


lioiling-point. 

100“ 

212“  F. 

80“  K. 

two  fixed  point  - 


100“  180“  F.  80“  i;, 

m-  5 ' < — If'  F.  - 1“  i;.’ 


enre  any  given  number  of  degrees  ",  on  one  scale  can  be  expre.-.sed 
I another  .scale  by  the  following  furmulic 


(«“F.  - 32)  r, 
!) 

X [I 


- .e“  C. 


l-\  32)  ( 

<1 


■f  32  _ .,  ■ F. 


'PC.  X 4 


= lb 


6 


EXPANSION  BY  HEAT. 


[§  6. 


«'>  U.  X 9 

- - + 32  = a:'’  ¥. 
4 


a°  It.  X 5 


.1°  C. 


Thus,  to  liiid  wliat  temperature  Centigrade  is  equal  to  113°  E. 
(113°F.  -32)x5 
9 = 

And  to  convert  - 32°  11.  into  Fahrenheit’s  scale, 

- 32“  R X 9 

: + 32  = - 40°  F. 


It  is  frenueiitly  convenient  to  expre.ss  tem])eratures  on  the  “ abso- 
lute scale  ’’  in  wliich  the  de^'ces  are  equal  to  tho.se  on  the  Centi- 
grade .scale,  but  the  zero  point  is  273“'  below  tlie  melting-point 
of  ice. 

Hence  any  temperature  on  the  Centigrade  scale  is  converted  into 
tlic  absolute  scale  by  adding  273°  to  it. 

Thus  - 13°  C.  is  — 13“  -f  273°  = 260°  on  the  absolute  scale. 


(6.)  E.xpansion  by  Heat. 

Gay  Lussac’s  Law. — 273  volumes  of  gas  at  0°  C.  increase  by 
one  volume  for  every  1°  C.  through  which  they  are  heated. 

Thus  : 273  volumes  of  gas  at  0°  C.  become  at  1°  C.  273  4 1 volumes. 
273  „ „ „ „ 2°  C.  273  -12  „ 

273  „ „ „ „ 3°  C.  273  + 3 „ 

273  „ „ „ „ 7“  C.  273  4 /. 

273  „ „ „ ,,  r°C.  273  + 7’  ,, 

where  t and  T c.vpress  any  number  of  degrees  on  the  Centigrade 
scale. 

Hcncc2734-/ volumesofgasat/“C.  becomeat  7'°C.  273 4-7' volumes. 

1 /“C  7,.,.  273+7’ 

or  1 ,,  .1  * C.  ,,  I ' 


and 


e C. 


273  + / 

7'“  p V 273  4-7 
‘ 273  + / ” 

ifler  the  temper- 


which,  if  K. stand  for  the  new  volume  of  the  gas  afte 
ature  has  changed  from  /°  C.  to  C.,  is  written 

' 273  4-  / 

TIuis  to  timl  the  new  volume  if  1000  ccm.  of  gas  are  healed  Irom 
17°  C.  to  27°  C. 


V = 


1000(273  + 27)  1000  X 300 


273  + 17 


290 


= 1034 '8  ccm. 


5 7.]  FOKMUJ.A,  MOLECULAR  M'EICHT,  ETC. 


/ 


Anil  to  liiul  tlio  now  volunio  if  lOOO  ooin.  of  gas  aro  cook'd  from 
27°  C.  to  - 13°  C. 


r = 


1000  (273  - 13)  1000  X 200 


273  + 27 


300 


= 806 '6  com. 


If  tlio  prc.ssm'o  on  tlic  gas  as  well  as  its  tcniporatim;  be  cliangcd 
blio  formula  must  bo  combined  with  the  one  given  in  (4).  llciice 

_ V (273  + T)  ^ P 
273  + t P ' 

dims  to  find  the  now  volume  if  500  oem.  of  gas  are  cooled  from 
39°  C.  to  13°  C.  while  the  iiro.s.sure  i.s  deeroased  from  800  mm.  to 
300  nun. 


^ _ 500  (273  + 13)  800 

^ 273  + 39  ^ 300 


500  X 286  X 800 

sT^lTsoo 


1222 '2  com. 


The  above  law  may  also  bo  expressed  more  briefly  : — The  volume 
i)t  a mass  of  gas  varies  directly  as  its  ab.solute  tenijierature.  If  a 
iiass  of  gas  have  tlio  volumes  /'and  v at  2"'  C and  P 

r-.v.:  (273  + T)°  : (273  -I-  0°- 

It  is  more  exact  and  frequently,  especially  when  logaiitbms  are 
a.sed,  more  eouveiiient  to  ii.se  the  decimal  fraction  '00367  iii.stcad  of 

lor  the  co-eflicient  of  exjiausion  (a)  of  a gas.  Then 

^ r (1  -f-  -00367  r)_  (Table  VI.) 

1 -I-  •00367  / 

■Solids  and  liquids  al.so  ex|iaud  when  heated,  but  .so  slightly  that  in 
iirdinary  chemical  exjieriments  the  ex]iansion  may  be  neglected. 
Ilie  foimuIcC  ai'e  similar  to  those  given  foi'  gases,  but  each  solid  or 
iquid  has  its  own  “ eoellieient  of  e.x|iansion.” 

^ 1 bus  5550  volumes  of  mercury  at  0^  • increase  by  one  volume 
or  each  degree  tbrougb  which  they  are  heated,  or  become  5550 
-P  loo  volumes  at  lOO"  C. 


(/.)  l'oi:.MLM,\,  M oi.ia  r i,A i:  \\  Kiiui'r,  ,\nii  l’i'.iii.'i:,vr.\i;i', 

( '(i.M  I'l  isri'ii  i.\. 

Till' atomic  weight  of  an  element  is  the  number  of  limes  wbieb 
he  smallest  portion  of  that  elemeni,  wbieb  can  take  jiart  in  a 
'hemical  ebange,  is  lieavicr  than  the  .smallest  portion  of  bydro'e  n 
vliirli  take  ]uLi't  in  a cliciniral  cIkui^i*.  ^ 

An  atom  of  hydrogen  is  su|ipo.sed  to  Weigh  3'5  x 10  -'-■‘gni. 
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FORMULA,  MOLECUI.au  WEIGHT,  ETC. 


[§  7. 


'J’lio  ;ito)iiic  wciglits  are  cxpre.sscd  Ijy  .symbols,  which  arc  usually 
the  first  letter  or  two  letters  of  the  Flnglisli  or  Latin  name  of  the 
element. 

Tims  H represents  the  hydrogen-atom  weighing  1. 

0 ,,  oxygen-atom  .,  16. 

Fe  ,,  iron-atom  ,,  ,56  (Table  I.) 

The  moleeular  weight  of  an  element  or  eomjround  i.s  the  number 
of  times  which  the  smalle.st  portion  of  that  element  or  com])onnd, 
which  can  exist  by  itself  or  the  free  .state,  is  heavier  than  the  atom 
of  hydrogen. 

Com]iaratively  few  of  the  molecular  weights  of  the  elements  have 
as  yet  been  determined,  they  are  usually  twice  the  atomic  weights. 

Thus  11.2  = 1x2  = 2 is  the  molecular  weight  of  hydrogen. 

0„  = 16  X 2 = 32  ,,  ,,  oxygen. 

= 14  X 2 = 28  ,,  .,  nitrogen. 

lint  the  molecular  weights  of  mercury  and  cadmium  are  equal  to 
their  atomic  weights,  while  those  of  phosphorus  and  aisenic  arc 
four  times  their  atomic  weights. 

The  moleeidar  weight  of  a compound  is  the  mm  of  the  atomic 
weights  of  all  the  atoms  which  compose  it.  Thus  the  molecular 
weight  of  hydrogen  chloride  IICI  is  1 -f  35‘5  = 36‘f)  ; of  water 
U.,0  is  (1  X 2)  -t-  16  = 18  : of  hydrogen  suliihate  H..S04  is  (1  x 2) 
-t'32  + (16  X 4)  = 98. 

Since  the  formula  exjiresses  the  iirojiortion  of  each  element 
]ire.sent  in  the  molecular  weight  of  a body,  it  is  ciusy  to  calculate 
from  it  the  percentage  composition,  or  number  of  grams  of  each 
element  pre.sent  in  100  gin.  of  a componnd. 

Thus  H.jO  means  that  in  18  gm.  of  water  there  are  2 gm.  of  hydrogen 
and  16  gm.  of  oxj’geu. 

2 16 

. •.  ini  gni.ofwater  there  arc  --  gm.  of  hydrogen  anil  -rgm.  of  oxygen. 

lo  Jo 

200  1 600 

or  in  100  gm.  ,,  ,,  ,,  .,  ,, 

or  the  percentage  composition  of  water  is  hydrogen  11'1%. 

oxygen  88 '8%. 

Hence  lo  find  the  jicrcentagc  composition  of  any  substance  from 
its  formula,  innlti]>ly  the  jnnportion  of  cacli  element  inesent  by 
100,  and  divide  by  the  molecular  weight  of  the  coiiqiound.  If  water 
be  present  it  is  usual  to  treat  it  as  though  it  were  an  element 
(Aq  = 18)  and  not  to  break  it  u])  into  oxygen  ami  hydrogen. 

Thus  to  find  the  percentage  composition  of  eryslallised  ferrous 
sulphate  FeSOj.7il.2O. 


THE  DENSITY  OK  CASES. 


0 


l-’u 


[>6  X 


1 00 

278 


S = o2  X ,, 

10  - iM  X „ 


7H,0 


12(! 

•278 


.1000 

278 

3200 

0-100 

I20OO 

27^ 


■20-14%. 


n-11%. 


23-02%. 

■11-32%. 


09-90 


(8.)  Thk  Donsi-fy  of  C.\.sk,s. 


Siiii'c  fFU-si's  cx|ian(l  when  lu-atcd  ami  contract  when  the  iiressurc 
I'is  incrca.s(ul  so  consi(lcral)ly,  in  considorin"  the  mass  of  a v(dninc  of 
4;as  some  standard  tcmiicraturo  and  pressnre  must  lie  taken. 

A {fas  is  said  to  ho  normnl  wlieii  it  is  at  0°  ( and  under  llie.  ])re.s- 
-snre  of  700  mm.  ol'  merenry.  And  as  tlie  l'oi-mulie  given  in  tins 
aind  tlic  next  two  sections  only  apply  to  normal  ga.ses,  a gas  under 
■.any  other  conditions  must  he  reduced  hy  the  equation 


r X 273 
273  -iW 


7% 

700 


hefore  tlu'y  can  he.  ap|died. 


•■Vnd  I'onversely  the  volumes  I'oniid  hy  thesis  I'ormuhe  are  normal 
and  must  ho  reduced  to  the  rc(piireil  temjierature  an  I ]U'e.ssnre  hv 

_ r(-273  -1-  7')  Too 
~ 273  ^ p 

'When  no  temperature  or  pressure  is  mentioned  the  gas  is  siqiposed 
to  he  normal. 

'I'he  density  of  a suhstanee  is  Ihi!  ma.ss  of  unit  volume  (d'  il  I'l). 
hut  in  the  e.'i.se  of  gases  the  e.uhii-  eentimetre^  is  too  small  ;i  vohinie. 
■land  the  grani  loo  lai'ge  a ma.ss  for  eonvenieiu’e. 

lienee  the  litre  is  taken  as  the  unit  of  volume  and  the,  ma.ss  of  a 
litre  of  normal  hydi'ogen  e;dled  a crilli  = '0890  gin.  is  taken  as  tim 
unit  of  mass. 

I he.  density  ol  a gas  then  is  the  numher  of  eriths  eonlaincl  in 
one  litre  ol  it  at  0"  ('.  and  700  mm.  ; or  the.  nnmher  of  times  il,  is 

I heavier  than  an  equal  volume  of  hyilrogen. 

II  is  found  that  with  few  exceptions  the  ileiisity  of  a gas  i.s 
c.xpressed  hy  the  same  numher  as  half  its  molecular  weight  : — 
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THE  DENSITY  OF  GASES. 


[§8. 


Hydrogen  (H,  = 2). 

Oxygen  (O.j  = 32). 

Nitrogen  (Nj  = 28). 
Ammonia  (NH3  = 17). 
Mar-sli  gas  (CIH  = 16). 
Carbon  dioxide  (CO.^  = 44). 


Density  1 ; 
Density  16  ; 
Density  14  ; 
Density  8 '5  ; 
Density  8 ; 
Density  22  : 


or  1 1. 
or  1 1. 
or  1 1 . 
or  1 1. 
or  1 1. 
or  1 1. 


weighs  i erith. 
,,  16  eriths. 

„ 14  „ 

11  8'5  ,, 

„ 8 „ 

„ 22  .. 


Hence  from  the  molecnlar  weight  of  a gas  the  mass  of  a litre  of 
it  in  eriths  or  gro  ns  can  he  found. 

28 

Tims  a litre  ol  carbon  monoxide  (CO)  weighs  — = 14  eriths  or 
14  X '0896  = 1 '2544  grams. 


Again  the  double  density  of  a gas  is  ex]>ressed  by  the  .same 
number  as  its  molecular  weight,  lienee  the  molecular  weight  can  be 
c.alculated  from  the  m.ass  of  a litre  of  a gas. 

Thus  if  a litre  of  oxygen  weighs  1 '4293  gm.  what  is  its  molecular 
weight  ? 


The  density  is  the  mass  of  a litre  in  eriths 


1-4293 

•08'%’ 


and  the  double 


density  or  molecular  weight  is 


1-4293 

"^0896 


X 


2 = 31-9. 


The  density  of  gases  used  to  be  referred  to  .air.  In  such  a case 
to  lind  the  ilcnsity  referred  to  hydrogen  multiply  by  14-436  (the 
density  of  air  referred  to  hydrogen). 

Thus  sul|)hur  dioxide  is  2-22  times  as  heavy  as  air,  what  is  its 
density  referreil  to  hydrogen  ? 

2-22  X 14-436  = 32-04  the  density  referred  to  hydrogen. 

'I'o  find  the  mass  of  a litre  of  gas  the  density  of  which  referred 
to  .air  is  given,  multiply  liy  1-293  the  mass  in  grams  of  a litre 
of  air. 

Thus  carbon  dioxide  is  1-529  times  as  heavy  as  air,  what  does  a 
litre  of  it  weigh  1 

1-529  X 1-293  = l-977  gm. 

Conversely  to  find  the  density  referred  to  air  from  that  referred 
to  hydrogen,  multi))ly  by  -06926  the  density  of  hydrogen  referred 
to  air. 

Tims  how  many  times  is  nitric  oxide  (NO  = 30)  heavier  than 

. 30 

air  y The  density  referred  to  hydrogen  is  — = 15. 

'file  density  referred  to  air  is  15  X -06926  = 1-0389. 

Owing  to  tlie  molecules  breaking  up  by  heat  at  teniperatures  but 
little  above  their  boiling-points,  .about  tifteen  substances  lorin 


THE  DJEFUSION  OF  GASES. 
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i§n.] 


ivapoiir.s  liavitif'  deiisitie.s  oitlier  lialf  or  two-tliirds  of  tlio  lialf- 
nnolwidar  wright.  In  a few  other  uii,se,s  the  density  of  the  vapour 
lis  exiircsscd  hy  tlie  same  number  as  the  molecular  weight. 


A-No.M.M.or.s  Vai'OUK  lluNsiTiKs.  (Hydrogen  = 1.) 


i\Icrcury  100. 
r.adminm  o6. 
I’hosphorus  62. 
Arsenic  150 


Nitric.  o.\i<le  15. 

Nitrogen  tetroxide  23. 
Arsenic  trioxide  198. 
IMercnrons  chloride  118. 
Hydrogen  snHhate  24  '5. 
Ammonium  chloride  13 ‘4. 
Phosphorus  jientachloride  52. 
Chlorine  trioxide  29 ’7. 
Chlorine  tetroxide  33 ’8. 


(9.)  Thk  Diffcsiox  of  G.\ses. 

Gu.mi.vm's  Law. — The  volumes  of  two  ga.ses  wld<li  dilTusu  in 
■ ('(pi.al  times  under  the  .‘^ame  circumstances  are  inversely  proportional 
I to  tlic  S(iuarc  roots  of  tlieir  densities. 

Or,  when  two  gases  ditfuse  for  eipial  times  nmhu'  the  same  condi- 
ttions,  the  volume  of  the  one  gas  which  ditfirses  nndtiplieci  by  tiu' 
• .scpiare  root  of  its  density  is  ispial  to  the  volume  of  the  othci’ gas 
'which  dilfuses  mnltijilicd  by  the  .sipiare  root  of  its  ilensity. 

; ' ^'])  = V JiL 

If  4 1.  of  hydrogen  and  1 1.  of  oxygen  dilfus(!  through  the 
■same  aiijiaralus  in  10  minutes,  what  is  t-lie  density  of  oxygen  ? 

1 = 4 v'r 

.-.  7)  = 16. 

100  ce.in.  ot  oxygen  {d  = 16)  dillnsc  llirongh  a I’crtain  apjiaratus 
in  a certain  time.  "Wliat  \-olume  of  hydrogen  iodide  {D  = 64)  will 
ditlu.se  under  siudlar  comlitions  ? 

;\'64  = l(i0.„/]6 

_ looA^^'’ 
s'64 

'I’he  law  ol  ctbision,  or  the  jiassagc  of  gases  through  a miniito 
hole  in  a thin  plate,  is  identical  with  that  of  ditfusion. 


■I 

1 OO  X — _ 50  eeiii. 
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THE  VOI>UMK  AND  MASS  OF  GASES. 


[§10. 


(10.)  The  Volume  anu  Ma.ss  oe  Gase.s. 


It  i.s  found  liy  experiment  tliat  22‘4  litres  (more  exactly 
= 22-32  1.)  of  any  normal  ga.s  weigh  a number  of  grams 

•UoUb  ° 

(siual  to  the  number  expressing  the  molecular  weight  of  the  gas. 
Thus  : — 


22 -4  1.  of  hydrogen  (ID  = 2)  weigh  2 gni. 

22‘4  1.  of  oxygen  (0._,  = 32)  ,,  32  ,, 

22‘4  1.  of  ammonia  (NHj  = 17)  ,,  17  ,, 

22 -4  1.  of  marsh  gas  (CH^  = 16)  ,,  16  ,, 


This  volume  22 -4  1.  is  commonly  spoken  of  as  “two  volumes,” 
and  expressed  by  the  symbol  tH. 

Since  “ two  volumes  ” of  any  gas  weigh  the  molecular  weiglit  in 
grams,  one  litre  of  any  gas  weighs  the  molecular  weight  in  grams 
divided  by  22'4  1.,  and  one  gram  occupies  22‘4  1.  divided  by  the 
molecular  weight  in  grams. 

32 

'I’lius  a litre  of  oxygen  weighs  = 1-43  gm. 


and  a gram  of  oxj'gcii  occui)ios 


22A 

32 


= 0-7  1. 


Hence  to  lind  the  mass  in  grams  of  any  numljcr  of  litres  of  a 
gas,  7nulti]ily  by  the  molecular  weight  in  grams  and  divide  bv 
22-4  1. 


Thus  to  find  the  mass  of  250  1.  of  chlorine  (Cl.j  = 71) 
2.50  X 71  _ 177500 
22-4^  “ ~~2^ 


- 792’4  gin. 


And  to  find  the  volume  in  litres  of  any  number  of  grams  of  a 
gas,  multi]ily  by  22'4  1.  and  divide  by  the  molecular  weight  in 
grams. 

Thus  to  lind  the  volume  of  225  gm.  of  hvdrogeii  suliihidc 
(ll.,S  = 34) 

225  X 22-4  5040  , , 


Wlicii  nciessary  tlie  corrections  for  ]>rcssiire  ami  teni|icraturc 
must  be  used. 

What  is  the  mass  of  80  1.  of  oxygen  (0^  = 32)  at  52°  t'.  and 
740  mm.  ? 


80  X 273 
273  + 52 


8880 

95 


93-47  gm. 


X 


740 

760 


X 


32 

22-4 


!§10.]  THE  volume  AND  MASS  OF  CASKS.  13 

Wliat  vnliitm*  at  1.3°  C.  anil  71)0  iniu,  is  oi'(;ii]iicil  liy  14'2  yni.  of 
cliloriiiii  (( 'l.j  = 71 ) : 

M-2  X 22-4  273  + 13  700  1,'110-OS  , 

X X ~ 0-(l  I. 


Till'-.  M.\.s.s  OK  A .Moi.sr  0.\s. 


M'liPii  a "as  satiiratcil  with  tin’  vapinii-  of  wator  is  moasiiri’il,  tlio 
I jirossnro  fomul  is  duo  jiartly  to  the  true  jne-ssuio  of  the  "as  and 
|j)artly  to  the  jiies.snre  of  the  aqueous  vajionr.  llonoe  to  obtain  the 
I true  in-ossuro  of  the  "as  that  due  to  the  “tension  of  aqueons 
vaponr”  ninst  he  snhti-aeted  from  tlie  aiiparent  itve.s.snre  of  tlie 
•saturated  f^a-s.  The  tension  of  ai|neons  vajionr  (F)  varies  very 
I rapidly  with  the  temperature,  and  is  "iven  in  'I'ahle  IV. 

If  V litres  of  a "a.s,  the  density  of  whieh  is  il,  saturated  with 
■aqueous  vapour  he  measured  off  at  C ('.  and  II  mm.  ju'e.ssnre,  the 

r-  ]{  - F 

1 trill)  volume  of  the  "as  is  , x , and  therefore 

" 1 + -003tj7/.  7t)0 

i its  mass  is  ; - x x '0896  x d "rams,  wliere 

1 + -00367):  760 

ii’isthe  tension  of  aqueous  vu]ionr  at  the  temperature  F ('.  ; and 
I the  mass  of  the  aqueous  vajiour  ]iresent  in  the  "as  is 


V 

1 -00367/ 


X 


760  ^ 


0-.806  "in. 


Thus  to  find  the  ma.ss  of  nitro"en  and  of  aqueons  vapour  in 
200  e.ein.  of  moist  nitrogen  at  15°  ('.  and  730  mm.  {F  = 12-7). 


-2 

1 + -00367  X 15 
"2 

i +“-00367  X 15 


730  - 12-7 

X ^—r — X 0-0896  X 14  = 0-2246  "III.  nitrogen. 

/ bO  no 

12-7 

X „ X 0-806  = 0-00255  gin.  aqueous 

vajionr. 


Sinee  the  density  of  aqueous  vajionr  is  nearly  J of  the  density  of 
air  the  mass  of  a litre  of  air  saturated  with  aqueous  vajunii-  at 
C ('.  and  II  mm.  is 


1 "293 

1 + -00367/ 


760 


gm. 


X 


]4 


EQUATIONS. 


[§11. 


(11.)  Eqitationn. 

A oquatioii  pxiu'pssos  that  certain  .substances  react  iqion 

one  another  in  (lelinite  [nojiortions  to  form  certain  other  snhstance.s 
also  in  ilerinite  jirojiortion.s. 

Tims  + O = MgO  expresses  tliat  24 ‘4  pjarts  of  magnesium 
unite  with  16  ]iarls  of  o.xygen  to  form  24 ‘4  + 16  or  40’4  jiarts  of 
magnesium  oxide. 

And  if  it  he  required  to  find  how  many  grams  of  magnesium 
oxide  are  formed  on  burning  4 gm.  of  magnesium,  from  the  equa- 
tion : — 

24 ’4  gm.  of  magne.sium  form  40 '4  gm.  of  magnesium  oxide. 

^ 40-4 

1 gm.  ,,  forms  ^.^gm. 

, ^ 4 X 40-4 

and  4 gm.  ,,  form  ' 24-4  ~ 6'62gm.  of  magne- 

sium oxide. 


How  much  magnesium  must  he  burnt  to  form  16  gm.  of  magne- 
sium oxide  1 

40  gm.  of  magnesium  oxide  are  formed  by  24 '4  gm.  of  magnesium. 


1 gm- 


16  gm. 


ff 


f) 


24-4 

” 40-4  gm-  »> 

24-4  X 16 

are  ,,  - — 40-?“  = 

magnesium. 


'When  the  volume  of  one  gas  is  given  and  that  of  another  asked, 
.since  each  molecular  weight  in  grams  expre.sses  also  “two  volume.s ’’ 
of  the  normal  gas  the  answer  may  he  obtained  directly. 

Thus  what  volume  of  hydrogen  chloride  is  formed  when  10  1.  of 
ehlorine  comhine  with  hydrogen  ? 


CI5  + H.^  = 2HC1. 

CD  CD  2 CO 


Two  volumes  of  chlorine  form  twice  two  volumes  of  hydrogen 
chloride,  hence  10  litres  of  chlorine  form  twice  10  litres  or  20  1.  of 
hydrogen  chloride. 

"The  requisite  reductions  must  of  course  he  made  for  change  of 
temperature  and  jiressure. 

'I’hus,  what  volume  of  steam  at  300°  tt  is  formed  on  burning 
10  1.  of  hydrogen  at  15“  C.  ? 


§ n.i 


EQUATIONS. 


211., 

2 m 


0, 

CD 


211,0. 

‘2cn 


Twii'i'  two  voliimc.s  of  liyilroorii  I’onii  twii’c  two  volmiu'.s  of  .stt'.'uii, 
Ir‘ih-1'  10  lilivs  of  liyilrooi‘11  ,it  l.'i'’  ('.  foi'iii  10  x 


27;!  + 300 

1.^) 


1.  of 


.0730 

steam  at  300°  ( or  _ ^ = lO'.'tO.'i  I.  of  .steam. 

Wlii-i]  linwnver  Hut  m.^ss  of  a solid  or  li(|uiil  is  oiven  or  askcil  ami 
Hut  volume  of  a oas  is  .asked  or  f^iveii,  tlio  e<[uatiou  eaii  oidy  lie  solved 
by  I'mdiiio  Uni  mass  of  the  f'.as. 

Thus,  how  luueh  lead  sulphide  can  he  |ireci]iitated  hy  17  1.  of 
.liydrooeii  sulphiile  ; H...S  + rii2N0.,  = 211NO.,  + I’h.'s. 

3i  ' ' 231) 

17  X 31 


22  M 


17  1.  of  hydrogen  sulphide  weigh 
From  the  equation 

34  gm.  of  hydrogen  sul]ihide  [ireeipitate  239  gm  of  le.ad  sulphide. 

239 

1 gill.  ,,  „ ,,  — 


117  X 34 
- 22:4 


17  X 34 


22-4 


2^ 

3T 


1 7 X ‘^39 

■.  17  1.  of  hydrogen  sulphide  preeijiitate  — “ 


= 181 -3  gm.  of 
lead  sulphide. 

IThe  required  reductions  must  of  course  he  made  for  jire.ssure  and 
tcenqierature. 

Thus,  what  volume  of  earhon  dioxide  at  39°  f’.  ami  38h  mm.  is 
l'7irmed  on  hurning  10  gm.  of  eai'hon  ? ('  + 0„  = 

12  ■ 44.' 

312  gm.  of  earhon  form  44  gm.  of  earhon  dioxide. 


1 gm. 
1 0 gm. 
UO  gm. 
10  gm. 


, 44 

•‘"■I'l'i  .h'li- 

„ 10  X 44 

10  X 44  22 ' I 

X , . 1.  of  carbon  dioxide  at  0°  ('. 


12 
10  X 44 
12 


44 

22-4  273  + 39 

""  44  ^ ~”273  ^ 


and  700  mm. 

700 


of  carbon  dioxide  at  39°  and  380  mm. 


380 


= 42-G 
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E(iuatioiis  7iiay  be  iiiovo  shortly  solved  by  ])roi>ortion  : — 

Tlie  iiroi)ortioii  of  the  oiveii  substance  in  tlie  f;i|imtion  : the  ]uo- 
liorlion  of  the  reciuiie*!  siibstaiieo  in  the  etiuatioii  ::  the  aiiiouiit  of 
tlie  substance  oiveii  : the  amount  of  the  substance  asked. 

This  method  is  of  sjiecial  use  in  certain  determinations  of  mole- 
cular weiglits,  since  by  a well-known  formula  if 

a : h ::  c : d a izb  : h ::  c : d. 

Thus  if  166'4241  gm.  of  ferric  oxide  when  heated  in  hydrogen 
leave  IIG'.^  gin.  of  iron,  what  is  the  atomic  weight  of  the  metal  ! 

1'>..0,  )-  611  = 311,0  + 2Fe 
2.C  -I-  48  2.V 

2.r  H-  48  : ]66'4241  : llO-f) 

48  : 2.r  ::  49'9241  : 11  (i'o 
48  X 116-.'. 

X ~ — — = r»6. 

2 X 49*9241 


(12.)  VAborii  Ornsity. 


The  methods  of  determining  the  density  of  vapours  are  very 
numerous,  but  for  pui’iioses  of  calcnlation  they  may  all  be  divided  ; 

into  two  classes : , „ i : 

(i.)  Ill  the  methods  of  Gay  Lussac,  Hofmann,  Meyer,  and  otlieis,  . 
a known  mass  of  the  substance  is  converted  into  vapour,  the  volume  j 
of  which  is  measured.  , „ i 

(ii. ) In  the  methods  of  Dumas,  Deville  and  1 roost,  and  othep,  , 
the  vapour  of  the  substance  is  caused  to  fill  a vessel  of  known  size 
and  mass,  and  the  mass  of  the  vessel  and  substance,  the  \apour  of 
which  filled  it,  is  afterwards  determined.  _ 

(a)  Hofm.vn.v’s  Method.— An  amount  of  the  substance  weigfi- 
in"  M "lams  is  passed  up  into  a long  graduated  tube  eontaining 
mercury,  and  surrounded  liy  a jacket  of  va])our,  which  raises  it  to 
T°  V The  volume  of  the  vapour  in  the  tube  V cc.im,  the  height 
of  the  barometer  7/ mm.  reduced,  and  the  height  of  the  mercury; 
in  the  tube  h mm.  at  3’“  C.  are  measured. 

The  volume  of  the  tube  becomes  at  T°  C.  r(l  -f  '00003  T),  the, 

height  of  the  mercury  at  0°  C.  is  -00018  T tension  of 


+ -00018 

the  vai>our  of  mercury  at  T°  C.  is/ mm. 


Water  b.]).  100°  C.  /.  = 0 3 mm. 

Amyl  alcohol  b.p.  132°  C.f  = 1'2  mm. 
Aniline  b.]!.  183'7°  C.  f — ^ mm. 
At  200°  C.  .A  = 18  mm. 
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§ I'i.] 


IleiiiT  file  mass  ol’ 
vaiiimr  is 

7^(1  I -onoo:!  V) 

1 + •uii:i()7  T 


11  volume  of  li^ili'of'i-ii  ei|uiil  to  that  of  the 


H - f - A (I  - -0001. S 7') 
7ti0 


■OOOOSttti  eiii. 


Ami  the  density  of  the  viijiour,  wliieh  is  its  mass  divided  hy  the 
imiiss  of  an  enual  vidnine  of  hydrooim,  is 

.1/(1  + •003(!7  T)  X 7t)0 

■ “ 7'li '+"’T)bboO’)l;7/~-/ - A(i  - -OGOhry’ij  x -ouoosihj 


The  vapour  of  ethyl-pro]iinyI  (C.,11^0  - SI)  gave  the  fid- 
owing  iiumhers  : — ,1/  = O'UnlSgm.  /' = .nfi'o  cem.  T ~ 100' ('. 
'll  = h'l'i’.'i  mm.  /i  = -IS  l mm. 

_ -O.'.IS  (1  •.‘lt)7)  X 700 

~ .Oi-r.  (l-00:j)  [7.'.2-,n  - ■17i)]  ••• -OOGUSiH)  ~ 


(/3)  V.  AMI  Mkvku's  .Mrnioi). — A i|uantity  of  the  suh- 
Dtance  weighing  .1/  gm.  is  droppen  into  a heated  vessel  and  the 
ilisplaced  air  or  nitrogen  is  found  to  measure  i'ceni.  orrr  vu/rr  at 
IT"  V.  and  7/  mm.  Whatever  the  temperature  of  the  vessel  the 
I’olumn  of  air  eolleefod  is  eipial  to  what  the  vapour  would  measure 
lit  T < '.  and  II  mm. 

lienee  if  /''lie  the  tension  of  aqneous  vapour  at  7'  the  mass  of 
iL  volume  of  hydrogen  equal  to  the  volume  of  the  vapour  is 


1 


r 7/  - /.' 

00;i()7  T '■  700 


•OOOOSOO  and 


yj  .1/  (1  -f  ’OOtjtil  7’)  700 

/'(//  - F)  X ■iiOOOSDO 

sample  III  hit  id  inn  (( '-1  h,N  = 107)  gave  the  following  numhers; — 
till  =r  0 OSp-l  gm.  /'  = 20  eem.  H = 701 -.'i  mm.  T =12'  ( ’. 

• ])  = 'OSO-l  (1  + -00.107  X 12)  700 

20  X (701 -.'i  - lo-.'i)  V -onoosno  ~ 

(•y)  II  I'M  AS  iUrrimii.-  .A.  glass  glohe,  weighing?/'  gm.,  and  eon- 
.aining  a few  grams  of  the  suhstanee  is  heated  in  a hath  until  mi 
lore  vapour  issues  ; it  is  then  sealed  at  7”  ( and  //,  mm. 

It  is  eleaned,  e.ooled,  and  found  to  weigh  //'gm.  at  ( '.  and  7/„ 
im.^  The  glohe  is  opened  under  mereiiVy,  and  its  volunio  /'eem.' 
to  ('.  found  hy  measurement  and  ealeiilation.  If  the  inereiirv 
oe.s  not  entirely  till  the.  glohe  the  volume  r eem.  of  the  residual 
ir  IS  determined  at  and  II.,  mm.  Xegleeting  the  volnnio  of 

11  displaced  by  the  glass,  the  mass  ol  the  suhstanee  is  II'  — w + 


(I 
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the  inass  oi'  a voliiinn  of  air  at  t°  C.  and  H,,  nim.  equal  to  tlio 
volimu^  of  the  yloho  ; — 


//^  - 7/-  H- 


r (I  + -00003/.,)  X 7/.,  X -001298 
(1  + -00307  <])  X 760 


Anil  llie  mass  of  a volume  of  hydiooen  equal  to  and  under  the 
same  niuditious  as  the  vapour  when  tlie  o]ohu  is  sealed  is 

V{1  + -00003  T)  X JL  X -0000890 

i <nn, 

(1  + -00367  T)  X 760 

F(l  +-00003  C,)  X JT„  X -001293 
. p _ (1  + -00367  «,)  X 760 

J'O  + -00003  T)  X //,  X -0000896 
1 -I-  -00367  T)  X 760 


The  presence  of  residual  air  must  he  avoided  as  far  as  possible,  since 
it  is  apt  to  render  the  experiment  untrustworthy.  The  mass  of 
the  i-csidual  air  renders  the  mass  of  va]iour  found  above  too  ft'eat, 
and  hence  it  must  he  subtracted  li'om  the  numerator  of  the  fraction, 
it  is : — 

V X 7/.,  X -001293 

fnn, 

(1  -I-  -00367  I:.)  X 760 

The  volume  occu|iied  by  the  va]iour,  and  therefore  the  volume  of 
the  hydroffen  has  been  taken  too  largo  by  the  volume  of  the  residual 
air  at  the  moment  of  sealing  the  globe.  Hence  the  ni.ass  of  this 
volume  of  hydrogen  must  be  subtracted  from  the  denominator  of 
the  fraction,  it  is  : — 


V X IL  X -0000896 

:* - — rr 

(1  + -00367  I.,)  X 760  " 
And  the  complete  formula  becomes  : — 


-001293  ( 

r(l  + -00003  ^,)77o 

X 

760  ( 

1 + -000367  ti 

1 + -000367  7 

-0000896  ( 

F{1  + -00003  2’)  7t^i 

77  X 7/,, 

760  \ 

1 + -00367  T 

1 + -00367  t. 

If  gre.at  accuracy  is  not  required  this  formula  may  be  much  sim- 
]dified  by  neglecting  the  expansion  of  gla.ss,  making  = L,  and 
//,  = 7f„  - 7/j.  The  formula  then  becomes  -. — 

^ »’  + "(rV--ow’’6w) 

■000000118  7/^,  -0036.  T ~ f 0*03(17/) 
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Tims  tlic  followiiiif  results  were  olitaiiusl  for  alcoliol  (( l,p  = ItJ). 
A!;uss  of  olobc  in  = 7f)’9171  Mass  of  olobe  and  sa]ioiir  scaled 

at  100“  ir  = 77'017  f^io.  Voliiim;  of  tlu!  olobo  r — 149'32 
eeiii.  Voluniu  of  residual  air  v = d'277  eiuii.  'l'eiu)i.  of  room 
t = Id'’!',  liarouietcr  7/  “ 739  iniii. 


I I 


•1) 


_ /•!  19-32  -3-277 
■017  - (0-9174  4- -111)11001702  X 739(  ,, 

\1  + -oo;!!!,  X 14 


■0000001  IS  X 739 


119-32 
M7~ 


, /449-: 

39  ( 

^ 1-31) 


1 4 


3-277 

■003117 


X 14 


) 


= 23-35. 


(13.)  II  OAT. 


Heat  is  one,  of  tbo  forms  iu  wbieh  energy  shows  itself,  and  pro- 
■lably  eoiisists  iu  the  I'elative  motion  of  the  particles  of  matter. 

When  heat  is  eommuuiealed  to  a body  it  may  raise  the  temper- 
ature, iuere.ase,  or  iu  lare  iustanees  decreases  the  volume,  chaiioe  the 
ntate  from  solid  to  liipiid,  or  from  liquid  to  qas,  or  cause  it  to 
imleieo  ehemie.-d  chaiioe. 

The  nnil  of  linil,  or  oalorie  is  thi>  amount  of  heat  required  to  raise 
ii  hiloeram  of  water  from  0“  ('.  to  1“ 

'I'he  ,Sjti-rijii-  Unit  of  a substaiiee  is  the  number  of  units  of  heat 
■■eipiired  to  raise  a kilogram  of  it  from  O''  ( '.  to  1“  ('. 

The  Speeilie  Heats  are  in  almost  all  eases  less  than  1. 

Dui.oni:  anii  I’K’rrr’.s  Law.-  The  s]ieeilie  heat  of  an  element  in 
he  solid  eonditioii  multi]dieil  by  its  atomic  weight  is  ealleil  the 
ii.tomie.  heat  of  the  element,  and  is  approA'imately  eipial  to  (5-4. 

Hence  if  (J-4  be  divideil  by  tbo  speeilie,  heat  of  an  element,  a 
.lumber  nearly  equal  to  its  atomic  weight  is  obtaineil. 

Thus  the  speeilie  heat  of  solid  mercury  (Hg  = 200)  is  -03192, 


ml 


6-4 

03192 


-200-5. 


Klements,  e.xcept  o.wgen,  carbon,  hydrogen,  boron,  and  silicon, 
■ hen  they  have  entered  into  combination  a[i|iear  to  keep  the  same 
■tomi(;  heat,  which  they  possessed  in  the  free  condition. 


Thus  for  jiotassium  chloride  Kt'l  (1-4  4-  G-4  = 12-8 
Sjieeilie  heat  -17295  x 74-5  molecular  weight  = 13-2 


M’heii  a solid  li(|uelies  it  ab.sorbs  a large  amount  of  hi(cnl  heat, 
monuting  in  the  ease  of  iec  to  79-25  units  per  kilo.  ; and  when  a 
ipiiil  pa.sses  into  the  condition  of  a vapour,  a still  larger  amount 
f latent  heat  amounting  in  the  ea.se  of  steam  to  53li  units  per 
ill),  is  absorbed. 

When  idiemieal  action  takes  [dace  heat  is  either  evolveil  (e.vo. 
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thermic  roaction.s)  or  ahsorhed  (endothermic  reactions)  acconliii"  as 
tlie  substances  resultin'' from  the  action  are  more  or  less  st.ahlo  than 
those  which  have  entered  into  it. 

The  amount  of  heat  evolved  is  usually  expressed  in  calories, 
when  the  number  of  grams  of  eacdi  substance  is  equal  to  the  pio- 
portion  of  th.at  substance  which  enters  into  tlie  reaction. 

Thus  (llo.O)  = C9  means  that  2 gm.  of  hydrogen  in  uniting  with 
IG  gin.  of  oxygen  evolve  69  units  of  heat. 

1 f heat  is  absorbed  the  amount  is  jirceeded  by  the  sign  - . Thus 
(CjjHj)  = - 10’8  means  that  24  gill,  of  carlxm  in  uniting  with  4 gm. 
of  hydrogen  alisorb  10'8  units  of  heat. 

If  the  reaction  takes  jil.aec  in  iircseiice  of  an  indeterminate 
quantity  of  water,  Aq  is  added  to  the  symbols. 

Thus  (NII3,  Aq)  = 8 means  that  17  gm.  of  ammonia,  while 
di.ssolviiig  in  water  give  off  8 units  of  heat. 

Ill  many  ]iraetical  experiments  the  mhnfir  pon-er  of  a substance, 
or  number  of  units  of  heat  evolved  when  1 kilo,  of  it  is  burnt  in 
oxygen,  is  made  u,se  of. 


(14.)  ViiK  Ukteuminatiox  ok  Equivat.ents. 


The  equivalent  of  an  element  or  compound  is  the  )iroportion  of 
it,  which  can  do  the  same  amount  of  ehemical  work  in  combining 
with  or  replacing  other  elements  or  compounds  as  one  ]iart  of 
hydrogen. 

' Equivalents  are  conveniently  expre.s.sed  by  the  .same  symbols  as 
the  atomic  weights,  but  in  small  lettem,  c.g.,  oxygen  0. 

The  equivalent  of  an  element  is  determined  either  by  analysing 
a comiiound  of  it  with  an  clement  or  radical  the  eijuivalent  of 
which  is  known,  or  by  cau.sing  a known  mass  of  it  to  combine  with 
or  re|dace  another  clement  or  radical  the  equivalent  of  which 
is  known. 

The  mas.ses  of  the  two  substances  which  unite  with  or  rc]d.aco 
one  another,  are  in  the  .same  projiortion  as  the  equivalents.  Hence 
if  the  two  masses  and  one  equivalent  are  known,  the  other  equiva- 
lent can  be  determined  (11). 

Thus  to  determine  the  equivalent  of  lead  Berzelius  found  th.at 
21  •942.’)  gm.  of  lead  oxide  contain  20'3G95  gm.  of  lead,  and  there- 
fore 21-9425  - 20-3695  - 1-573  gm.  of  oxygen  (0  = 8). 


Since  1-573  gm.  of  oxvgen  unite  with  20-3695  gm.  of  lead. 

8 x 20-3695 

8 ..  ..  M ).  = 103  596  gm. 


1 


of  load. 


Hence  = 103-596  is  the  equivalent  of  lead. 
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(15.)  'I'liK  I)Ki'r.i:.Mi.\.vni)N'  of  Atumic  ■\Vkh;ii rs. 

'I’liu  iiloiiiic  wcijilit  of  an  eloiiiKiit  is  thn  mmibrr  of  timc.s  wliicli 
the  iiias.s  of  tlu:  Irast  iiortion  of  it  that  laii  take  part  in  a i licinical 
■lianf^r  i.s  yrratrr  than  the  mass  of  the  leiust  portion  of  liyilrogen 
iivhirli  can  take  ]>art  in  a chemical  cliance.  If  tlio  atomic  tlicory 
oo  admitted,  tin;  atomic.  \vi'i<,dit  of  an  element  is  tlio  number  of 
iimes  its  atom  is  heavier  than  an  atom  of  hvdro_i'cn. 

Atomic,  weiclits  arc.  mnlti]dcs  of  the  ci]uivalcnts  hy  small  (I  - (!) 
whole  numbers.  '\Vhi(di  mnlti[de  is  to  he  chosen  i.s  to  he  delcr- 
nined  by  con.sideriiio  in  each  reaction  into  which  tlie  element  is 
■ siiowii  to  enter,  what  is  the  smallest  multiple  of  the  (>i[nivalcnt 
ovhich  expres.ses  the  action.  8]iccial  attioition  is  ]i.aid  to  cases  in 
which  the  element  combines  with  nionovalcnt  elements  or  radicals. 

'I'lins  we  know  two  bodies  in  whiidi  103'.')9ti  ]iarts  of  lead  are 
combined  with  d.'i'o  ]iarts  of  idiloiine  and  19  parts  of  llnorinc  re- 
|i]u‘ctively,  and  which  may  he.  cxpre.ssed  ])yphr/,  ;un\  pli  f.  Rut  a 
idl'd  liod}'  is  known  in  which  207'192  |iarts  of  lead  are  comhined 
ivitli  y.vfi  jiarts  oi'  idilorine  and  19  jiarts  of  llnorinc,  which  must 
oe  cx])re.ssed  by  pb  cl  ph  f,  or  more  simplv  by  I’b  Cl  F.  where 
'.’b  = pbpb  = 2 X 103-o9(5  = 207']92. 

Further  a.ssistance  is  rendered  by  the  isometric  law  of  M Itseherlich, 
■‘Bodies,  which  are  com]ioseel  of  the  .same  number  of  similar 
atoms  arranged  in  a similar  manner,  crystalli/e  in  similar  forms.” 

And  also  by  the  Law  of  Duloii"  and  I’etil  (13). 

Thus  in  the  case  of  lead  the  choice  has  to  be  nnule  between  the 
lainitiples  of  103'596  by  1,  2,  3,  -1,  i^c.,  or  103’.')9ti,  207‘l!t2, 
|»10'798,  41‘C384,  i'(;c.  llut  the  s[iecilie  heat  of  lead  is  found  to  be 
6'4 

0315  and  — - = 203’1.  Therclorc  I’li  2U7'192  is  the  most 

'031o 

nrobable  atomic  weight  id'  lead. 

'I’here  are  somewhat  numerous  exceptions  to  lioth  these  laws, 
lid  new  reai'tions  aic  frcipn'iit ly  found  to  modify  the  leeeived 
teniic  weiolit  of  an  element.  lienee  in  some  cases  the.  received 
toniie  weights  iiinsl  he  looked  upon  as  only  provisional. 

(16.)  'I'liK  l)Kri',u.\iiN.vrio\  UK  .Mui,|.;cui, \n  W i;n:ii is. 

The  nioli'ciilar  wis'cht  cd'  a hody  is  the  nnmher  of  times  whii-h 
he  mass  of  the  smallest  portion  of  it,  which  can  exist  hy  itself  or 
1 the  Iree  state,  i.s  heavier  than  the  atom  of  hydrogen. 

M'lieii  a componnd  is  analysed  the  results  are  usually  ( alcnlatcd 
1 to  percent aoes  or  |iarts  id'  each  element  present  in  iou  parts  of 
lie  compound.  (1\  ater  it  present  i.s  reckoned  as  an  element 
•‘1  = 18).  If  the  proportion  of  each  element  iire.sent  be  divided 
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by  the  atomic  weight  of  that  element,  the  ([uotients  exjness  the 
relative  number  of  atoms  of  each  element  jn’cscnt  in  the  compound. 
To  accord  with  the  atomic  theory  these  relative  numbei-s  must  bo 
ex]iressible  by  whole  numbers,  usually  small.  If  simple  insjiection 
allbrds  no  clue,  there  are  three  methods  of  elfecting  this  reduction  : — 
(i.)  Divide  ca(di  cpiotient  by  the  smallest  ipiotient,  all  then  fre- 
(piently  become  whole  numbei-s  or  may  be  made  so  by  multiplication 
by  the  same  number. 

Thus  ferric  oxide  contains  iron  70  per  cent.,  oxygen  30  per  cent. 
Find  its  formula. 

Fe  = 1-25  1 X 2 = 2 

Oo  ,,  ^ 

1'  CoOv. 

30  ■ ^ 

0 - = rs75  IT.  X 2 = 3 


(ii.)  Write  instead  of  one  ipiotient  an  easily  divisible  number, 
such  as  6,  12,  28,  60,  and  alter  the  other  quotients  in  the  same  ]iro- 
])ortion.  Division  by  the  highest  common  factor  gives  the  small 
whole  numbers  required. 

Thus  to  liiid  the  formula  of  crystallized  ferrous  sulphate,  which 
contains  iron  20T.’.,  sulphur  IITI,  oxygen  23'02,  and  water  41'31 
per  cent. 


Fe 

20-15  _ 
56 

„ . 

" 1-44 

3 

S 

11-51  _ 
32“  “ 

'36  ,, 

3 

0 

23-02  _ 

1-44  „ 

12 

16 

ILO 

44-31  _ 

“Is 

2-46  „ 

20-5 

(iii.)  It  occasionally  hai>i.cns  that  the  ratio  between  the  quotients 
is  too  complicated  to  be  conveniently  reduced  by  either  of  the  fore- 
going methods.  The  continued  fraction  exj.ressing  the  ratio  between 
two  of  the  quotients  must  be  found,  and  that  convergent  selected 
M'hich  expresses  the  ratio  in  the  lowest  terms  within  the  limiUs  of 
ex|ieriniental  error. 

Thus  common  sugar  is  found  to  contain  : — 


Carbon  42 'll  ; 
Hydrogen  6 ‘43  ; 
Oxygen  51 ‘46  ; 


42-n 
^ 12 
6 '43 
51  '46 


3'51  atoms  of  carbon. 

atoms  of  hydrogen. 
3'215  atoms  of  oxygen. 


16 
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Since  tlio  nuiiilier  of  atoms  of  liydro^am  is  donliKr  of  tin;  nuiiilier 
i)f  atoms  of  oxygen,  the  only  ratio  which  has  to  he  determined  is 

:hat  of  earhon  to  oxygen,  whieh  is  --^^v  = - ^ 

(il3)702{l 

U13 


59)643(10 

590 


53)59(1 

53 


6)53(8 

48 


5)6(1 

Hence  the  iinotients  arc  1,  10,  1,  8,  1, 

1 11  12  107 

iind  the  eonvergents  — , — , 

Hence  the  ratio  hetween  the  earhon  and  oxygen  atoms  is  [irohahly 
12  . . 

expressed  hy  — , and  the  formnla  of  cane-sugar  is  C,oH.mOi,. 

There  are  live  general  methods  of  determining  which  multiple  of 
JJie  symbol  obtained  as  above  is  to  he  taken  as  representing  tin; 
"rue  molecular  weight  ol'  the  body,  l.mt  in  many  cases  neither  is 
ifp]ilicahle. 

(i. ) By  the  Vapour  Density  : — If  the  body  can  he  volatilized  with- 
jut  decomposition,  the  vajiour-dcnsity  is  found  by  one  of  the 
methods  given  in  (12)  and  with  some  exceptions  such  as  those  men- 
tioned in  (8)  it  is  assumed  that  the  nndccnlar  weight  is  expressed 
I 'ly  the  same  number  as  the  donhle-dcnsity  referred  to  hydrogen. 

Thus  cnjirons  chloride  contains  63‘3  ]its.  of  co)i|ier  united  with 
.15 '5  )its.  (d'  chlorine,  and  its  molecular  weight  is  t herei'orc  ex]ire.ssed 
■ay  CnCl  = 98 ’8  or  liy  some  multiple  of  this  nnndier. 

But  the  vajionr  of  cii]irons  eddoride  is  found  to  he  6'93  times  as 
■loavy  as  air  or  its  donhie-densily  is  200'08  and  hence  its  symbol 
■nrohahly  is  ('n._,('l.j  = 197‘6. 

(ii.)  The  Chemical  Mi-thod  : — Vhirions  com|ionnds  or  .substitution 
iiroilnels  of  the,  body  are  analysed — if  it  he  an  aedd,  its  silver  salt  ; 
ff  it  he  a base,  the  idtrate,  chloride,  or  hrondde  ; if  it  hi’  an  organic 
ood_v  its  ehloro-  oi'  hromo-snhstitution  compound,  and  that,  formnla 
'S  adopted  which  most  readily  ex])re.sses  the  mode  of  formation  and 
constitution  of  these  compouiuLs. 
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Thus  liydiogcii  acelato  is  Ibuiid  to  contain  : — 


40 

Carhon 

40 

CC 

II 

Hydrogen 

6-6 

= 6-6 

Oxygen 

53-4 

.63-4 

--  = 3-3 
16 

and  its  tomjiosition  is  ox|U'cssed  by  CIl.jO  or  hy  sonic  multiple  of 
this  syinhol. 

When  sodium  aeetatc  is  ndxed  with  silver  nitrate,  silver  acetate 
is  formed,  whieh  is  found  to  contain  : — 


Carhon 

14-37 

”1^  — 

2 

Hydrogen 

1-70 

= 1 -8  ? 

3 

Silver 

64  '68 

64-68 

- = -6  ? 

108 

1 

Oxygen 

19-16 

2 

Hence  the  most  sim]i 

le  formula  for  silver  acetate 

is  Agt'2H30o. 
ate,  three  chloro- 

Again  hy  the  action  e 

if  chlorine 

on  hydrogen  acet; 

.suhstitution  acids  are  formed,  of 

which  hydrogen 

trichloracetatc  is 

found  to  contain  : — 
Carbon 

14-68 

14-68 

=1-2-2 

12 

2 

Hydrogen 

-61 

= -61 

1 

Chlorine 

6.6-14 

3 

Oxygen 

19-57 

35-5 

"f  = - 

2 

Hence  the  most  sini]do  formula  for  hydro^nm  Iricliloracelate  is 
( '..Ht'l.fOj  ; and  liy  similar  methods  the  forniuhe  (bllariO.,, 
('2ll._,(i20,j  are  found  for  the  other  two  acids. 

Since  the  hydroften  in  the  orif,dnal  hydrof'en  acetate  can  thus  ho 
rejilaecd  hy  fourths,  there  must  he  at  least  four  atoms  of  hydro^'cu 
in  the,  symhol  whieh  |irohal)Iy  is  (t.HjOo. 

The  reactions  mentioned  above  are  then  exjuessed  hy  : — • 

Naa..H,0„  + AgNOa  = NaNO,  h ActAII.O... 

■ G-dl'A  + 3tn„  = 3HC1  H-  C2IIGI3O... 
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The.  la.st  Uiiee  methods  deitend  ujioii  the  change  produced  in 
lihc  pliysical  propertie.s  of  a liquid  when  a .small  proportion  of  a 
I'olid  or  more  stable  liipiid  is  dis.solved  in  it.  The  freezing  jioint 
iff  the  solution  is  lower  than  tliat  of  the  solvent,  at  the  same  teiii- 
>-'erature  the  vapour  ]iressure  of  the  solution  is  lower  than  that  of 
lilie  solvent  ; at  the  same  ]iressure  the  lioiling-point  of  the  solution 
H higher  than  that  of  the  solvent. 

These  methods  arc  not  applicable  to  electrolytes,  such  as  .salts 
Uissolved  in  water,  since  the  results  arc  lower  than  those  acee[ited 
iMi  chemical  gi'ouuds,  jio-ssibly  owing  to  the  dissociation  of  the 
lolccules  into  ions. 

(iii.)  From  the  freezing-point: — If  the  solution  of  w gm.  of  a 
mibstance  in  100  gm.  of  a liipiid  is  found  to  lower  the  freezing- 
ooint  F°,  VI  - - KicjF,  where  vi  is  the  molecular  weight  and  K a 
ixuistant  for  e.ach  liipiid. 

The  solution  of  a gram  of  nitrobenzene  (CgHjXO.j  = 1 2:5)  in 
(00  gm.  of  benzene  {K  — 50)  was  found  to  lower  the  freezing-point 
vy  0'4“  C. 

m = 50/0-4  = 125. 

(iv.)  From  the  vapour-jirc.ssure  : — The  diU'erenee  between  the 
'a]iour  ]iressurc  of  a solvent  (;q)  and  that  of  a dilute  .solution  (p.j) 
-s  to  the  va|iour  jircssure  of  the  solvent  at  the  .same  temperature 
.'.s  the.  relative  number  of  molecules  of  the  substance  present  (n)  is 

0 the  relative  number  of  molecules  of  the  .solution  (jV -f  n).  If 
V (=  VDi)  be  the  number  of  grams  of  the  .substance  dissolved  in  a 
:p-ain  molecule  of  the  solvent  A^  = 1 and 

- Pn  _ V _ )/'  v]t„ 

Pi  N + 11  ~ VI  -I-  w ~ p,  - p„' 

Owing  to  the  ditliculty  of  determining  the  \ ;i|iour  pre.ssnre,  the 
bllowing  indiieet  method  is  used  in  jiractice.  If  a eurrent  of  dry 
iir  be  led  through  a bulb  eontaining  the  solution,  and  then  through 

1 bulb  containing  the  .solvent  at  the  same  tcmpeiature,  the  lo.ss  of 
■veight  of  the  lirst  bulb  ( U'.,)  is  proiiortional  to  the  va|iour  pressuru 
itf  the  solution,  and  the  lo.ss  of  weight  of  the  second  bulb  (//',)  is 
irnjiorlional  to  the  dilferenee  between  the  viipour  jiressurcs  of  the 
iolvent  and  of  the  .solution,  so  that  vi  = ie  ll'J  /U,. 

A solution  of  7-74  gm.  of  aniline  (C,ill-N  --  93)  in  100  gm.  of 
l■ther  (Cjll„|0  = 71)  during  the  ]iassage  of  a current  of  dry  air  lo.st 

I -4785  gm.  while  the  ether  lost  0-0969  gm.  The  weight  of  aniline 

II  the  gram-niolcculc  of  ether  being  7-74  x 71/100  — 5-7276, 


III  — 5-7276  X 1-4785/0-0969  87-4. 
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(v.)  From  the  l)oiliii<'-i)oiiit : — If  tlie  solution  of  w gin.  orasuh- 
btaiice  ill  100  gm.  of  a liquid  is  I'ouiid  to  raise  the  boiling-point  b°, 
m = kwjh,  where  k is  a constant  for  each  solvent. 

1'942  gin.  of  ]iyrogallol  (C„HgO;,  = 126)  dissolved  in  100  gm.  of 
ether  {k  - 21  ’I)  raised  the  boiliiig-iioiiit  0'315°.  Hence 

m = 21-1  X 1-942/0 -31 5 = 130. 

In  a]qiro.\iinate  work  it  is  more  convenient  to  measure  than  to 
weigh  the  solution,  making  use  of  the  volume  constant  k instead  of 
the  weight  conslant  k.  Then  m = icw/b. 

0’835  gm.  of  mercuric  chloride  (HgCL  = 271)  dissolved  in 
alcohol  raised  the  boiling-point  0 '32'’ C.  Since  the  volume  of  the 
solution  was  15'6  cciii.  the  weight  of  salt  in  100  ccm.  was 
0'835  X 100/15-6  = 5-35  gm.  lienee 

m = 15-6  X 5-35/0-32  = 261. 

A',  k,  or  K may  be  found  for  any  solvent  bj'  an  e.\])crinicnt 
witli  a substance  of  known  molecular  weight.  K may  be  iound  by 
dividing  twice  the  S(|uare  of  Ihe  absolute  temperature  of  the 
freezing-point  by  one  hundred  times  the  latent  heat  of  liquefaction  ; 
k may  be  found  by  dividing  twice  the  square  ol’  the  absolute  tem- 
])crature  of  the  boiling-]ioint  by  one  hundred  times  the  latent  heat 
of  vajmrization  ; « may  be  found  by  dividing  k by  the  density  at 
the  boiling-point. 


K 

k 

Mhiter 

18-5 

5-4 

Ily<lrogen  acetate  . . . 

39 

25 '3 

lienzene 

50 

26-7 

32  8 j 

Carbon  disulpliide  . . 

2.‘5-7 

! 

Chloroform 

36-6 

26  j 

Alcohol 

] 1 -5 

15-6  ; 

Ether  

21  -1 

30-3 

Acetone 

16-7 

22-2  j 
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The  deteriiiinatioii  of  the  moleeiilar  weiylit.s  of  the  elemeiila  is  a 
laiatter  of  very  great  dilliculty,  and  it  seems  probahle  that  in  .some 
■iiuses,  c.ij.  o.xygen,  .snlphur,  chlorine,  an  element  may  have  more 
bhan  one  molecular  rveight  under  diil'ercnt  conditions. 

The  vajiour  densities  of  the  ten  elements,  hydrogen,  o.xygen, 
laitrogen,  chlorine  (below  800°  C'.),  bromine,  iodine,  sulphur  (above 
'000°C.),  selenium,  tellurium,  and  ]iotassiuni  are  found  to  be 
sxjiressed  bj'  the  same  numbers  as  their  atomic  weights.  Hence  their 
Idouble-densitie.s,  and  ]irol)ably  their  molecular  weights,  arc  ecpial  to 
I'wice  their  atomic  weights. 

The  density  of  the  vapours  of  mercury'  and  cadmium  is  I'ound  to 
oe  only  half  of  their  atomic  weights.  Hence  their  molecular  and 
ttomic  weights  are  jirohably  eipial.  Argon,  helium,  ami  crypton 
eem  to  show  the  same  peculiarity. 

The  deii.sity  of  the  vapoui-s  ol'  phosphorus  and  arsenic  is  found  to 
00  twice  their  atomic  weights.  Hence  their  molecules  jirobably 
irojisist  of  four  atoms. 

(17.)  Tiik  Formula:  ou  Mi.NEt:Ai,s. 

In  determining  the  formuhe  of  minerals  numerous  dillie.ulties  arc 
met  with  which  ilo  not  occur  in  ordinary  determinations  of  molecular 
veight.s.  Ko  help  can  be  obtained  from  va]iour-deusity  iletermina- 
idons,  and  only  in  raie  isises  can  any  compound  of  the  mineral  be 
'ornied.  The  body  analysed  is  frcjpiently  far  from  ]mrc,  and  similar 
lemcnts,  .such  ;is  calcium  and  ferrous  iron,  may  rejilace  one  another 
in  any  jiroportion  ; this  is  expressed  in  .symbols  by  [CaFe].  'I’he 
comiiosition,  especially  when  silica,  alumina,  and  water  are  |irc.sent 
logcthcr,  is  often  extremely  eomjilieated,  since  iiart  of  the  alumina 
may  jierform  basic  and  part  acid  functions. 

Silicates  used  to  be  chussilied  by  mineralogists  according  to  their 
‘ oxygen-ratio,”  that  is,  by  the  ratio  between  the  number  of  atoms 
bf  oxygen  sup]iosed  to  be  in  combination  xvith  the  metals,  and  Hie 
,'iumber  of  atoms  of  oxygen  supposed  to  bo  in  combination  with 
iiilicon.  Thus  calcium  metasilicate  is  found  native  <ls  Wolhustonite, 
l.hc  formula  of  which  may  bo  written  as  L’aO.SiOo,  the  oxygen  ratio 
oeing  1 ; 2.  In  Dioiiside  more  or  less  of  the  calcium  is  replaced  by 
magnesium,  and  the  formula  is  written  [( 'aMg]O.SiO.„ 

It  is  however  now  usual  to  bring  mincndogical  foi’inuhe  more  into 
accordance  with  chemical  theoiy  by  discarding  the  term  oxygen 
atio  and  replacing  it  by  “ ipiantivalent  ratio,"  which  is  intended 
;o  repre.sent  the  ratio  of  the  ([uantivalences  of  the  basic  elements 
present  to  the  cnuintivalence  of  the  silicon.  Thus  ^\'olla.slonitc  is 
now  regarded  its  dyad  calcium  united  by  two  atoms  of  oxygen  to 
■tetrad  .silicon,  two  atomicities  of  which  are  also  satisfied  by  oxygen 

ii  iv 

Ca  O.jSi  0,  and  the  puaiitivalent  ratio  is  2 : 1. 
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Tlie  great  majority  of,  if  not  all,  tlie  silieate-s  may  bo  l eganlcd 
from  a chemical  i>oint  of  view  as  .salts  deriveil  from  (lilfercnt  silicic 
•acids  by  the  re]dacement  of  some  or  all  of  the  hydrogen  by  metals. 
Thc.se  .silicic  acids  are  all  formed  from  one  or  more  molecules  of 
hydrogen  orthosilicate  combined  together  with  the  lo.ss  of  a 
certain  numljcr  of  molecules  of  water.  The  geneial  formula  is 
{ll4Si04)„i,-  (H.jO)„  = ]b>(.i„,  - „)Si,„  0(4„, where  m .and  may  be 
any  .small  whole  numbei’s,  vi  being  always  gieater  than  or  etjual 
to  n. 

Thus  if  m = d,  n = 0,  and  in  Hi.jSi.jOi.4  six  atoms  of  hydrogen 
arc  replaced  by  3 atoms  of  calcium,  and  tbe  other  six  by  two  atoms 
of  ferric  iron,  the  formula  of  garnet  C<a;,FeoSi^,0,.j  is  obtained,  which 
is  expre.ssed  on  the  “ oxygen  ratio  ” .sy.stem  as  (OaO)j(Fe,03)(SiOo)3, 

vl  vi  * jTli 

1:1:2,  and  on  the  “(pi.antivalent  ratio  ” sy.stem  .as Ca,  Fe._,  HOuHSi;,. 

Again  if  vi  = 6 and  n — 6,  the  formula  Hj^lsiuOjg  is  obtained, 
from  which  licaALSi^Ojg  beryl  is  derived. 

It  is  customary  to  calculate  the  results  of  the  amilysis  of  a 
mincr.al  not  into  percent.agcs  of  elements  but  into  percentages  of 
oxide.s,  and  in  all  subscipient  calculations  to  treat  the  oxiilcs  just  as 
if  they  were  elements  (SiO.j  = 60  4.  t'aO  = .'id.  ALO.,  - 102). 
The  fonnuhu  are  then  obtained  by  the  jwocess  given  in  the  last 
section. 


Thus  to  lind  the  formula  of  chry.socolla  which  contain. 

‘14-82 

L'upric  oxide  ■14 '82 


Silica 

■Whiter 


34-83 

20-35 


79-3 

34-83 

6^ 

20-35 


= -565 
= -576 
= 1-12 


1 

1 

2 


and  the  formula  is  (hi0Si032 1 LO. 

If  .an  oxide  be  ]ircsent  in  .small  pro|)oiiion  it  has  jirobably  re- 
])l,aced  a certain  ([uantity  of  a similar  oxide,  and  must  therefore  be 
reduced  and  added  to  the  ]iro])ortion  of  that  oxide  prc.scnt  before  tlie 
calculation  e.an  be  proceeded  with. 

In  the  case  of  many  silicarcs  containing  alumina  theory  seems  to 
show  that  p.art  of  the  alumina  is  basic  and  iiarl  acid  (ALO3  + 
H.,0  - 2HA10..)  in  its  function. 

Thus  a samiil'e  of  Andalusite  w.-ls  found  to  contain  : — 

Silica  37 '57  (50  a"  ~ ^ 
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.\luniina 

no-ss 

.'<9 -88 

loT 

1 •.09.0 

Ferric  oxdde 

1 

1 -.3:3 
100 

rr  -008  ^ 

Lime 

0-()l 

•01 

= -on  ' 

Magnesia 

0-17 

.06 

■17 

40-4 

( 

= -004  1 

^ -01  r. 

1 


lleiicc  nej'loctiiij'  the  siiiiill  proportions  of  limo  and  magnesia 
wliieli  1)}'  tlieir  ])re.sence  as  silicates  proluiMy  raise  tlie  percentage  of 
sili(^a  tlie  forniula  of  the  mineral  is  Al.jOg.SiO... 

The  true  com])Osition  of  Andalusite  prohalily  is  a double  silicate 
land  aliiminatc  of  aluminium  : — 


2Al./)SiO.  = AL 


'i  j (SiOj), 

I (AlO.V 


(18.)  The  Sor.uim.ri'Y  nr  .Soi.in.s  in  VrATEi!. 

When  solids  dissolve  in  water  heat  is  absorbed  by  the  solid  in 
[passing  to  the  lii|uid  condition.  But  if  the  substance  combines 
Mvith  water  before  it  dissolves,  tlie  heat  evolved  in  the  formation  of 
ilhe  hydrate  may  supply,  or  more  than  siijijily,  the  quantity  of  heat 
[■required  for  the  solution  of  the  solid. 

'I'lio  volume  of  the  solution  is  generally  less  than  the  volumes  of 
Ilhe  solid  and  of  the  water  together,  and  its  boiling-point  is  usually 
»ibove  11)0°  ('. 

The  solubility  of  a solid  at  any  temperature  /°  is  most  con- 
veniently expiessed  by  the  number  of  grams  (.r)  of  the  solid,  which 
TOO  gm.  of  water  will  dissolve.  It  is  easy  to  convert  any  other 
expression  into  this  form  : — 

Thus  if  VI  gm.  of  a solid  are  contained  in  .l/gm.  of  the  saturated 
-iolution, 

.1/  - m : VI  ::  100  : ,r 
100/u 

And  if  1/  gm.  of  water  are  required  to  dissolve  1 gm.  of  the  solid, 

e : 100  1 : y 

100 
If  ' 


X 
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SOT.UniLITY  OF  GASKS  IN’  WATET!. 


[§19. 


Aiul  il  n f'lii.  of  llidsalt  ai’c  rontaiiied  in  lOOfjiii.  of  tlie  Holntion, 
ino  - n : II.  ::  100  : x. 
lOOa 
100-?(‘ 

^ 'I'lio  snluliility  of  tlio  groat  niajority  of  soliils  at  any  teiniierature 
t°  ('.  is  ox|iros.so(l  by  an  e(|iiation  of  tlie  form 

X = a i-  hi  + cl-  H-  (tl^, 

in  wliicli  n b c aiul  d aio  constants  dopcniling  upon  tlie  special  sub- 
stance umler  consideration.  Tlius  Gay  l-ussac  found  that  the  solu- 
bility of  pota.ssiuni  nitrate  is  e.xpressed  by 

X = 13-82  -1-  0-574i!  -f  0-0172(!-  -f  0-0000036/^ 

From  this  crpiatiou  it  is  easy  to  find  how  many  grams  of  water  at 
100°  ('.  are  reipiired  to  dissolve  10  gin.  of  jiotassium  nitrate. 

.r  = 13-82  -I-  .^7-1  + 172  + 3-C  = 246-82  gui. 
and  247-82  : 100  ::  10  : y 

y = 4-0516  gm.  of  water. 

In  many  eases  the  .solubility  of  a salt  increa.ses  directly  as  the 
tem])eratnre,  c and  d are  then  either  really  0 or  .so  .small  that  they 
have  not  yet  been  determined.  Thus  in  the  ease  of  cry.stallized 
m.agnesium  sulphate,  x = 25-8  -I-  0-493/!. 

The  .solubility  of  a few  sub.stances  such  as  sodium  sulidiate 
incre.a.ses  up  to  a certain  temperature  and  then  decrea.se.s.  This  is 
]irobal)ly  <lue  to  the  formation  of  hydrates  at  low  temjieratures 
(Na^SOjlOH.jO  between  18°  and  33°  and  Na.,S04  above  34°  G.), 
e.aeh  of  which  obeys  its  own  law  of  solubility. 

A few  .substances  such  as  calcium  hydrate  become  le.ss  soluble  as 
the  temperature  ri.ses. 

No  numerical  rules  concerning  the  solubility  of  li(piids  have  yet 
been  obtaincil. 


(19.)  Tiik  Sor.unii.n-Y  of  Ga.sk.s  in  'W^atf.u. 

Gases  are  ab.sorbod  by  water,  when  they  do  not  act  chemically 
u]ion  it,  in  (piautities  dejiending  upon  thi'ce  conditions  : — 

(i.)  The  nature  of  the  gas.  The  volume  of  normal  gas  absorbed 
by  one  volume  of  water  at  0°  t!.  is  ,s])oken  of  as  the  co-ellicient  of 
absor]ition  of  the  ga.s. 

(ii.)  The  temiieraturc.  'flic  volume  of  the  gas  absorbed  u.sually 
decreases  as  the  tem[ieraturc  increases  and  can  be  exprc.sscd  for  any 
temperature  /°  ('.  by  the  empirical  formula 
V = a - hi  -1-  cl'-. 


5 19.J  SOT-Ur.ILITY  OI<’  GASES  IN  WATER. 

Tims  ono  volimiu  of  water  between  0”  C.  ami  20°  t'.  absorbs  of 
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Hyilrogeii 
Nitrogen 
Oxygen 
Varlion  dioxide 


r ri.  0-0193. 

V = 0-02(1340 
r = 0-04114 
I'  = 1-7907 


- 0-00053887i! 

- 0-0O109/! 

- 0-07701(; 


I-  0-00001 11  r.or-. 
+ 0-0000226/-. 

I-  0-0010424/-'. 


Oxygen  and  ) 

idtrogen  I'roni  ! /’  = 0-02471  - 0-0006525/  -I-  0-00001345/'-. 


(iii.)  The  pro-ssurc  on  the  gas.  Tlie  mass  of  gas  absorbed  varies 
liireetly  as  the  i)ressnro  upon  it  ; or  equal  volumes  of  tlic  same  gas 
are  absorbed  under  all  |n'ossures.  If  two  or  more  gases  are  mixed 
together  the  absorjition  of  each  eonstituent  is  ]iro]iortioned  to  the 
prtwsure  to  whieh  it  is  sejiarately  subjected. 

Thus,  what  is  the  jiereentage  eomj)osition  of  the  gases  absorbed 
when  a large  volume  of  air  is  shaken  n]i  with  water  at  0“  ('.  1 
100  volume.s  of  air  contain  neai  ly  21  volumes  of  oxygen  and  79 

91 

volumes  of  nitrogen.  Hence  the  i)ressure  on  the  oxygen  is  and 
79 

on  the  nitrogen  of  the  total  pressure. 

One  volume  of  water  then  absorbs  -04114  x.  ~ vol 

100  100 

iof  oxygen  and  -020346  x of  nitrogen. 

Hence  the  percentage  eomiiosition  of  the  air  dissolved  by  water 
its  : — 

Oxygen  0-80394  34-9  ]ier  i!cnt.  by  vol. 

Nitrogen  1-60733  65-1  ]>er  cent,  by  v(d. 


2-47127 


100-0 


EXAMPLES. 


CHAPTER  I. 

English  and  Mktuic  Mkasukks. 

[See  Tables  II.  III.) 

1.  A cirauliir  liltei-j)ai)ei'  is  10  am.  acros.s,  what  is  tlie  area  of  it' 

2.  A cistern  is  2 in.  long,  1 '5  in.  wide,  and  1 in.  deep.  How 
many  litres  of  water  will  it  contain  ? 

3.  The  cylinder  of  a steam-engine  is  3 ft.  in  diameter  and  .O  ft. 
long.  How  many  cnhic  feet  of  steam  will  it  contain  'i 

4.  How  many  pounds  Troy  are  there  in  a kilogram  1 

.0.  Sonnd  travels  1130  ft.  in  a second.  How  many  metres  does 
it  ]iass  through  jier  .second  1 

0.  It  is  92,000,000  miles  to  the  sun  ; how  many  kilometres  is  iti 

7.  Light  travels  186,000  miles  per  .second.  How  many  kilometre.s 
jier  second  is  that  ? 

8.  How-  many  cubic  feet  of  gas  are  contained  in  a cylindrical 
gasometer  180  ft.  acro.ss  and  46  ft.  high  ? 

9.  How  many  litres  will  a cjdindrical  ga.someter  1 m.  acro.ss  and 
1 -.‘i  in.  high  hold  ? 

10.  A nautical  fathom  is  6 087  ft.  AVhat  is  its  value  in  metres? 

11.  The  velocity  of  light  is  3-004  x 10**  m.  jier  second,  and  it 
takes  8 ininntes  13  .seconds  to  ])ass  from  the  .sun  to  the  earth.  How- 
many  miles  is  the  snn  distant  IVoin  the  earth  ? 

12.  The  Pyramid  of  Geeza  stood  481  ft.  high  11)1011  a base  774  ft. 
sciiiare.  Find  the  volume  of  it  in  cubic  feet. 

VoLUMF.,  Mass,  and  Density. 

13.  A piece  of  iron  was  found  to  weigh  292  8 gm.  in  air  and 
2.6.5 -3  gm.  when  immersed  in  w-ater.  'What  is  the  density  of  it? 

14.  '\Vhat  is  the  density  of  a cube  of  oak  9 mm.  along  each  edge, 
which  weighs  0-62  gm.  ? 

1.5.  A cylinder  of  mahogany  10  1 cm.  high  and  9-4  cm.  across 
w-eighod  40.5-7  gin.  Find  the  density  of  it. 

16.  A block  of  steel  (A  7'8)  is  10  cm.  square  and  1-8315  cm. 
thick.  Find  the  mass  of  it  in  grani.s. 

17.  What  is  the  mass  of  a cubic  metre  of  hematite  (A  .5-25)? 

18.  li’iud  the  voliiiuc  of  1000  gm.  of  sea-water  (A  1-026). 
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•HA1>.  I.]  VOLUME,  MASS,  AND  DENSITY. 

19.  A round  dolomite  (A  2 '9)  pillar  1 m.  across  and  10  in.  high 
veighs  how  many  kilo^ams  1 

20.  Two  licpiids  having  the  densities  1 3 and  07  respectively  are 
mixed.  The  mixture  has  the  density  0'9  and  measures  3 litres. 
What  volume  of  the  heavier  liquid  was  taken  ? 

21.  A siiecilic  gravity  flask  weighing  21  grams  when  filled  with 
vater  weighed  74  gm.  and  when  filled  with  hydrogen  chloride 
!4'6  gm.  What  is  the  density  of  the  acid  'f 

22.  Find  the  ma.ss  of  a cubic  metre  of  anthracite  (A  1'4). 

23.  Find  the  mass  of  a glass  (A  2 '45)  cylinder  2 decimetres  high 
ind  1 dm.  across. 

24.  How  many  tons  does  a block  of  gi-anite  (A  27)  10  by  3 by  2 
metres  weigh  ? 

25.  The  great  pyramid  (A  2‘5)  is  145  m.  high  and  the  side  of  its 
xpiare  base  is  658 '3  m.  Find  tlie  mass  of  it  in  tonnes. 

26.  A Nicholson’s  hydrometer  required  20  gm.  or  a crystal  of 
galena  and  5 '2  gm.  to  sink  it.  When  the  galena  was  in  the  lower 
tail  7 '2  gm.  were  required.  Find  the  density  of  the  galena. 

27.  If  a glass  ball  weighing  77158  gm.  2 cm.  in  diameter  just 
•loats  in  a li(piid  ; find  the  density  of  tlie  li([uid. 

28.  A quantity  of  silver  when  placeil  in  one  i)an  of  an  untrue 
lalance  ap[)cared  to  weigh  5 gm.  but  when  placed  in  the  other  pan 
> gm.  What  is  the  true  mass  of  the  silver  1 

29.  A Nicholson’s  hydrometer  required  13'19  gm.  or  a piece 
:’f  rock-crystal  on  the  upper  pan  ami  9 77  gm.,  or  the  .same  jfiece 
>iif  rock-crystiil  on  the  lower-pan  and  11 '07  gm.  to  sink  it.  Find 
'the  density  of  the  crystal. 

30.  A glass  Irall  counteiqmised  in  air  appeared  to  lose  5 '6  gni. 
A’hcn  plunged  into  water  and  5'09  gm.  when  jdunged  into  turpen- 
lino.  A crystal  of  copper  sulphate,  which  weighed  11 '69  gm.  in 
iir,  when  [ilungcd  into  turpentine  apjieared  to  lose  4'63  gm.  Find 
tihe  densit}'  of  the  turpentine  and  of  the  copper  sulphate. 

31.  A countcriioised  specific  gravity  bottle  holds  1000  grains  of 
irater,  and,  after  the  introduction  of  150  gi'ains  of  sand,  weighs 

096  grains.  What  is  the  specific  gravity  of  sand  1 

32  When  1 719  gm.  of  powdered  rock  crystal  had  been  intro- 
I need  into  a specific  gravity  bottle  filled  to  the  line  with  water, 
'he  bottle  gained  0'66  gm.  What  is  the  density  of  rock-crystal  'f 

33.  What  is  the  density  of  ]iotassium  dichromate,  if  6 2138  gm. 
:f  it  di.splace  2 0532  gm.  of  benzene  (A  0'8885)  1 

34.  A specific  gi'avity  lla.sk  held  25 '03  gm.  of  water  or  22  24  gm. 
ff  benzene.  4’8569  gm.  of  ammonium  dichromate  displaced  1 '995 
:m.  of  benzene.  Find  the  density  of  the  dichroinate. 

35.  A Sprengel  tube  weighed  when  enqity  12‘6  gm.,  when  filled 
vith  water  38 '4  gm.  and  when  filled  with  dilute  li3'drogen  sulphate 
-2'6  gm.  What  was  the  density  of  the  acid  ? 
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MOLECULAR  WEIGHTS. 


[ciiAr.  11. 


CHAPTER  II. 


Molkcul.au  WnKiUTs. 


{See  Sect.  10.) 


1 Find  the  molecular  weight  of  (i.)  carbon  monoxide  CO  ; (ii.) 
ma-;nc.sia  MgO  ; (iii.)  lime  CaO  ; (iv.)  .silica  SiO„  ; (v.I  alumina 

2.  Nvhat  is  the  percentage  of  o.xygen  in  each  ol  the  above- 

mentioned  bodies?  ..  . 

3 Find  the  molecular  weights  of  (i.)  nitric  oxide  NO,  (ii.) 
sodium  hydrate  IlNaO  ; (iii.)  ferric  oxide  FcjOj ; (iv.)  chromium 

trioxideCrOa;  (v.)cadiuium  oxide  CdO.  . ■ i oi  n . 

4.  Find  the  molecular  weights  ol  (i.)  antimony  I'Pi'toxide  Sb.p,  , 
(ii.)  .silver  arsenate  AggAs04  ; (iii.)  barium  sulphate  BaS04 ; (iv.; 
lead  nitrate  Pb2N03  ; (v.)  potassium  pho.sphate  Ol- 

5.  Find  the  molecular  weights  ol  (i.)  zinc  sulphate  /nS04/  H.,O 

fii  1 ciinric  sulphate  CuSO^SHoO  ; (m.)  sodium  sulphati 

Ni^SOjlGlI.iO  ; (iv.)  nickel  .sulphate  NiS047II.j0  ; (v.)  maiigaiioiu 

•'“'fFhKfufe^niiVeS^  of  (i.)  alcohol  C.,H  ,0  ; (ii.)  etlie, 

C4H.nO;  (iii.)  hydrogen  acetate  CoH40._, ; (iv.)  hydiogcii  oxala  c 
CJHJO42H2O  ; (V.)  hydrogen  tartrate  C4I I bOb- 


Fnid’the  molecular  weights  of  (i.)  glycerin  LaHgOa  ; (11. 


tiir))ciitine  C 


10^18 


(iii.)  aniline  CbH;N  ; (iv.)  hydrogen  stearat 

(!,  JI,„Oo  ; (v.)  cane-.sugar  C]ollo2tin-.  . ,,  , T-nio 

8.  Find  the  molecular  weights  of  (1.)  potassium  j ^ 

(ii.)  borax  Na„ll4O7l0H„O  ; (iii.)  .strontium  bromide  S'Bi.Gll.p 

iv  ) barium  caHioiiatc  RaCOa  ; (v.)  potas,siiim  diehroniate  K„Ci..O, 

9.  Find  the  molecular  weights_  of  (i.)_ 


K>c6;N  Blu^rsn-ldum  HuosHicate/c^^  my 

Iphate  NajS^OaSlLO  ; (ly.)  mici-ocosmic  salt  N a^ 


(v\j  sodium  nitropr«ssidc  Na4Fe„Ci„N,o(NO)54^ 

10.  Find  the  iicrceiitage  compasition  ol  <'•) 

(ii.)  pota.s.siiinic\iloratc  KClOa  ; (ni.)  nianganese  diox  d^ 

11.  What  is  the  percentage  composition  ol  cupiic  .sulplutt 

^ 'r2^^'callmlatc  the  percenUgc  com])Ositioii  of  theme  C8lIi„N40... 


GiiAi'.  ui.]  Tl^.MPKi;,ATUllES,  PRESSURES. 


CHAPTER  HI. 


T ]■;  .M  1'  F,  U .A  T b'  K E S. 

{See  Sect.  5.) 

].  Coiivc-rt  into  tlio  Contigradu  scale: — (i.)  36°  R.,  (ii.)  28°  R., 
(iii.)  76°  R.,  (iv.)  60°  R.,  (v.)  52°  R. 

2.  Convert  into  the  Rchauniur  scale; — (i.)  90°  C.,  (ii.)  15°  C., 
(iii.)  20°  C.,  (iv.)  55°  C.,  (v.)  30°  C. 

3.  Convert  into  the  Eahrenheit  scale  : — (i.)  56°  R.,  (ii.)  60 ••14°  R., 
(iii.)  41-78°  R.,  (iv.)  -6-07°R.,  (v.)  -25'3°R. 

4.  Convert  into  the  Reaumur  scale  :—(i.)  48°  E.,  (ii.)  129°  F., 
(iii.)  168°  F.,  (iv.)  210’  F.,  (v.)  -30°  F. 

5.  Convert  into  the  Fahrenheit  scale  : — (i.)  60'5°  C.,  (ii.)  40°  C. . 
(iii.)  70°  C.,  (iv.)  -5°  C.,  (v.)  -36 -6°  C. 

6.  Convert  into  the  Centigrade  scale  : — (i.)  207°  F.,  (ii.)  180°  F., 

I (iii.)  114°  F.,  (iv.)  0°  F.,  (v.)  -30°  F. 

7.  Convert  into  the  Fahrenheit  scale  ; — (i.)  643°  C.,  (ii.)  720°  C. , 
I (iii.)  860°  C.,  (iv.)  973°  C.,  (v.l  1000°  C. 

8.  Convert  into  the  Centigrade  scale  ; — (i.)  674°  F.,  (ii.)  100°  F., 

I (iii.)  463°  F.,  (iv.)  3478°  F.,  (v.)  2941°  F. 

9.  Convert  into  the  alisolute  scale  : — (i.)  6°  C.,  (ii.)  80°  C.,  (iii.' 
- 40°  C.,  (iv.)  - 1-1°  C.,  (V.)  - 100°  C. 

10.  Convert  into  the  ah.soluto  .scale: — (i.)70°F.,  (ii.)  -4°  F., 
(iii.)  104°  F.,  (iv.l  2000°  F.,  (v.)  -37°  F. 

11.  Convert  (i.)  300°,  (ii.)  400°,  (iii.)  500°,  on  the  absolute  scale 
into  the  Centigrade,  Reaumur,  and  Falirenheit  scales. 

12.  Convert  each  of  the  following  temperatures  into  the  other 
two  scales:  42°  F.,  - 3‘2°  F.,  3-27°  R.,  -2°  R.,  78°  C.,  and 
-17-2°  C. 

13.  What  temperature  Fahrenheit  corrc.spond.s  to  zero  on  tin: 
absolute  scale  ? 

14.  ))  Imt  tem)>er;iture  is  e.xjircssed  by  the  .same  number  of  degrees 
on  the  Centigrade  and  on  the  Fahrenheit  scales  ? 


I ’ li  I'-,  s s u R K s. 

{Sec  Sect.  2.) 

15.  ,-V  pressure  of  lOnO  lbs.  jier  .sipi;ire  incli  is  how  nuinv  kilns, 
per  square  nnllimetre  ? 

16.  Wheii  tbe  meri'ury  (A  13'596)  barometer  stands  at  76  cm. 
how  high  will  one  of  glycerin  (A  H27)  stand  ? 

I)  2 
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THE  VOLUME  OF  A JIASS  OF  GAS.  [cH.^r.  iv. 

17.  ‘When  the  mercury  (A  13‘596)  barometer  .stands  at  760  mm. 
how  hifjh  would  one  of  hydrogen  .sulphate  (A  1 '842)  stand  ? 

18.  When  the  barometer  stands  at  31  inches,  what  is  it  in 
millimetres  ? 

19.  "When  the  barometer  stands  at  755  mm.  what  is  it  in  inches  ? 

20.  'W'hen  the  pre-ssure  of  the  air  is  750  mm.  of  mercury  (A  13'56) 
what  is  it  in  (a)  feet  of  water,  {8)  pounds  per  square  inch  ? 


CHAPTER  IV. 

The  Volume  of  .v  Ma.ss  of  Gas. 

{See  Sect.  0.) 

1.  1000  ccm.  of  gas  arc  heated  from  0”  C.  to  39°  C.  Find  the 
new  volume. 

2.  1000  ccm.  of  gas  are  heated  from  - 39°  C.  to  52°  C.  Find 
the  new  volume. 

3.  743  ccm.  of  gas  are  heated  from  47°  to  83°  C.  Find  the 
new  volume. 

4.  The  pressure  on  10  ccm.  of  gas  is  7 metres.  If  the  prc.ssurc 
1)6  rcducccf  to  847  mm.  what  is  the  new  volume  ? 

5.  486  cem.  of  gas  under  the  prcs.sure  of  760  mm.  occupy  what 
volume  under  the  ])re.ssure  of  3 feet  of  mercury  ? 

6.  The  pre.ssure  on  10  cubic  feet  of  air  is  3 '5  feet  of  mercury. 
How'  many  litres  will  the  air  measure  under  a jirassure  of  760  mm.? 

7.  1000  ccm.  of  air  at  13°  C.  occupy  what  volume  at  65°  C.  ? 

8.  If  300  ccm.  of  gas  are  measured  oil  at  28°  C.,  what  will  the 
volume  become  at  - 14°  C.  ? 

9.  155  1.  of  air  at  150°  C.  are  cooled  to  0°  C.  Find  the  new 
volume. 

10.  A litre  of  gas  is  heated  from  14°  C.  to  42°  C.  Find  the  new 
volume. 

11.  A litre  of  air  at  39°  C.  is  cooled  to  -26°  C.  Find  the  new 
volume. 

12.  134  1.  of  air  are  heated  from  -30°  C.  to  60°  C.  Find  the 
new  volume. 

13.  50  ccm.  of  g.as  at  10°  C.  ocenj)}'  what  volume  at  24°  C.  ? 

14.  100  ccm.  of  air  at  12°  C.  are  heated  unlil  they  occu]>y 
145  ccm.  Find  the  now  tonperature. 

15.  1000  ccm.  of  air  at  -31 '2°  R.  are  heated  to  172 "4°  F. 
■\Vhat  is  the  new  volume  ? 
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IV.]  THE  VOLUME  OF  A .^rASS  OF  GAS. 


ofi"  :it  or 


t'.  and  050  nim. 
500  Him. 


10.  3‘20  ccm.  of  ga-s  are  mea.siirei 
WJiat  i.s  the  normal  volume  ? 

17.  150  eem.  of  ga.s  are  moa-snrod  olf  at  10°  C.  and 
\\  hat  doe.s  tlie  volume  hecome  at  10 "4°  ('.  and  520  mm.  ? 

18.  So2  ccm.  ot  air  at  11°  (1.  and  700  mm.  are  heated  to  *>7°  C 
the  prepare  being  increa.sed  to  000  mm.  Find  the  new  volume 

10.  5-12ocm.  otairat  200°r.  andOOOmm.  areeooledto  -51°G 

the  i.rtssure  being  decreased  to  000  mm.  Find  the  new  volnme 
20.  bi2  eem.  or  air  at  -49°  C.  and  1111  mm.  measure  what 


357°  ( '.  and  1800  mm.  ? 


at 


/7  G.  and  1000  mm.  measure  what 


at 


Find  the  new 
at  14°  C.  and 


21.  700  eem.  of  air  at 
163°  C.  and  872  mm.  '/ 

r ‘ COO  mm.  Fiml  the  new  volume. 

oqo  p ;?  -r.  r39  ''"‘I  000  mm.  are  heated  to 

39  C.,  the  iire.s,sure  being  increased  to  617  mm 
’ volnnie. 

^ 24.  A quantity  of  o.xygeii,  which  measiire.s  230  1 
. /40_mm.,  will  mea.siiro  what  at  0°  G.  and  760  mm.  ? 

:73.5  miiT  1000  eem.  of  normal  ga.s  become  at  16-5°  G.  and 

ntS-  “a:;"  *“  “■‘■“I')' 

2(.  487  ccm.  of  air  are  mea.sured  olf  at  17°  C.  and  750  imn 

147°  f'  t 1 2422  mm.  are  cooled  to 

volume!  ‘‘e^’i-'^ased  to  1024  mm.  Find  the  new 

29.  A flask  wliicli  M’ill  not  Ix'ar  a i)rcssure  of  1*100  mm  i-  nn  i 

^^3J.^At  Mhat  temperature  ha.s  air  the  .same  den.sity  a.s  hydrogen  at 

32.  1234  eeni.  of  normal  ga.s  arc  cooled  to  - 5*?°  G the  nressm-. 
bemg  de,n-ea.scd  to  617  mm.  Find  the  new  volume.  " ' 

at  0°  C.  and  700  mm??'  “ ‘ "'I'at  volume 

36.  123  eem.  of  ga.s  at  247°  G.  and  800  mm  are  cooled  to  oe»  p 
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37.  1000  ci-in.  of  ail'  are  liealed  from  0’ t'.  to  72°  (-!.  ami  tlie 
pvoasuro  is  decreased  from  COO  mm.  to  400  mm.  What  is  the  new 
volume  ? 

38.  20  ccm.  of  hydrogen  at  27’  C.  and  762  mm.  occnjiy  what 
volume  at  -23°  C.  and  1270  mm.  ? 

39.  A few  drop.s  of  water  at  lf)°  C.  are  passed  up  into  a barometer 
standing  at  30  inches.  How  high  does  the  mercury  .stand  ? 

40.  A litre  of  saturated  air  at  20°  C.  and  755  mm.  is  dried.  What 
does  the  air  measure  at  the  .same  temperatuio  and  pressure  ? 

41.  200  ccm.  of  oxygen  are  measured  od'  over  water  at  14°  C. 
and  756  mm.  What  does  the  dry  normal  gas  measure'! 

42.  If  a cubic  foot  of  aiiueous  vapour  at  0°  C.  and  760  mm. 
weighs  351  '5  grains,  how  many  grains  does  a cubic  foot  of  saturated 
air  at  59°  F.  and  under  a pressure  of  30  inches  weigh  '! 


CHAPTER  V. 


OXYOEN.  0 = 16. 

X.n.  In  the  easier  sums  “ two  volumes"  (Sect.  10)  O'i'c  taken  as 
22  '4  litres  and  the  coefficient  of  expansion  of  a gas  as  j } 3.  In  the  men-e 
difficult  sums  below  the  line,  two  volumes  arc  taken  as  22 '32  litres 
ami  the  coefficient  of  expansion  as  0 '00367. 

1.  How  much  mercury  and  liow  much  oxygen  is  obtained  on 
heating  10  grams  of  mercuric  oxide  ? 

HgO  = Hg  + 0. 

2.  How  much  oxygen  is  obtained  on  heating  522  grams  of  man- 
gane.se  dioxiile  ? 

3 MnOg  = M1I3O4  + 0.,. 

3.  50  gm.  of  ])otassium  chlorate  arc  heated,  how  much  oxygen  is 
evolved  '! 

KCIO3  = KOI  + 30. 

4.  How  much  (a)  mercuric  oxide,  (/S)  ].otassium  chlorate,  (7) 
manganese  dioxide  is  reipiired  to  make  100  gm.  of  oxygen.? 

llgO  ^ Hg  + 0. 

KCIO3  = KOI  + O3. 

3MnOo  = i^InjOj  + O.j. 

5.  What  volume  is  occupied  by  20  grams  of  oxygen  (Oj)l 
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6.  What  volume  of  oxygen  can  be  obtained  from  20  gni.  of  man- 
ganese dioxide  by  heating  it  (a)  alone? 

3MnO<2  = i\ln304  + O.i. 

;/3)  with  strong  hydrogen  sidphatc? 

MnOa  + H0SO4  = AI11SO4  -f  IloO  -f  0. 

7.  What  volume  of  oxygen  can  be  made  from  100  gm.  of  potas- 
nium  chlorate  ? 

KCIO3  = KCl  + 0,. 

8.  What  volume  of  oxygen  can  be  made  from  100  gm.  of  mercuric 
>xidc  ? 

IlgO  = Ilg  -t-  0. 

9.  How  many  gi-ams  do  20  1.  of  oxygen  (O2)  weigh  ? 

10.  What  is  the  mass  of  189  ccm.  of  oxygen  (O2)  ? 

11.  How  much  potassium  chlorate  is  required  to  make  112  1.  of 
.'xygen  ? 

KCIO3  = KCl  -f  O3. 

12.  How  much  manganese  dioxide  is  required  to  make  10  1.  of 
.'•xygen  ? 

3Mn02  = M113O4  -f  O.2. 

13.  How  much  potassium  chloRite  is  required  to  make  70  1.  of 
ixj'gen  ? 

KCIO3  = KCl  -f  30. 

1-4.  174  gm.  of  manganese  dioxide  are  lieated.  What  volume 
Ilf  oxygen  is  given  oil? 

3Mn0.2  = JI113O4  -1-  Oo. 

15.  On  heating  some  potassium  chlorate  298  gm.  of  potassium 
: hloride  were  left.  What  mass  of  chlorate  was  heated  and  what 
aiass  of  oxygen  was  formed  ? 

KCIO3  = KCl  -f  O3. 

10.  What  volume  of  oxygen  at  15°  C.  is  obtained  on  passing 
■larlion  dioxide  over  a kilogram  of  calcium  plumbate  heated  to 
■edness  and  then  through  slaked  lime  ? 

Ca2Pb04  -t-  2C0.2  = 2CaC03  -f  PbO  + 0. 

17.  The  air  at  13°  C.  from  a cylindrical  gas-holder  2 metres  high 
nd  1 metre  across  is  ]ias.sed  over  a red-hot  mixture  of  lead  oxide 

i.nd  chalk.  How  much  calcium  plumbate  is  formed  ? 

PliO  + 0 + 2CaC03  = 2CO,  •+  Ca.2l'li04. 

18.  How  much  litharge  is  reiinired  to  charge  a wedgc-shapeil 
(as  bag  a metre  high  and  wide  and  half  a metre  thick  with  oxyeeii 
■t  1.5°  C.  ? 

PbO  -i-  0 -t-  2CaCO.j  =r  2CO„  -t  Ca-.PhOj. 

CaoPbO^  + 2CO2  - 2CaC03  -t-  PbO  -t  0. 

19.  60  gm.  of  mercuric  oxide  are  heated.  Wliat  volume  of 
»xygen  at  91°  C.  and  380  mm.  is  given  otf? 

HgO  = Hg  -t-  O. 

20.  270  gm.  of  mercuric  oxide  are  heated.  What  volume  of 


40 


OXYGEN. 


[chap.  V. 


oxygen  at  0°  0.  and  7(U)  nun.  i.s  given  oil'  ? And  what  will  the  gas 
measure  at  17°  t'.  and  700  nun.  t 

llgO  = Ug  + 0. 

21.  What  nias.s  of  oxygen  would  occupy  13  1.  at  12°  U.  V And 
how  much  inangane.se  dioxide  mast  be  heated  to  obtain  it  ? 

3Mn0.j  = M113O4  + Oo. 

22.  400  gm.  of  pota.ssium  chlorate  are  heated.  What  volume  of 
oxygen  at  27°  0.  i.s  evolved  ? 

KCIO3  = KCl  + O3. 

23.  What  volume  of  oxygen  at  21°  C.  and  380  nun.  can  be  ob- 
tained on  heating  1000  gm.  of  potassium  chlorate  1 

KCIO3  = KCl  + 30. 

24.  How  much  pota.ssium  chlorate  must  be  heated  to  give  23  1. 
of  oxygen  at  14°  C.  and  740  mm.  ? 

KCIO3  = KCl  -t-  30. 

25.  How  much  magne.sium  can  be  burnt  in  a globe  containing 
10  1.  of  oxygen  at  13°  C.  and  830  nun.  ? 

Mg  -f  0 - MgO. 

26.  If  481  gm.  barium  dioxide  are  heated,  what  volume  of 
oxygen  at  17°  C.  .and  800  mm.  is  evolved  ? 

llaOo  = BaO  -I-  0. 

27.  A gram  of  ble.aching  powder  is  boiled  with  water  and  cupric 
oxide.  What  volume  of  oxygen  at  14°  C.  is  evolved  ? 

C.aOClo  = CaClo  + 0. 

28.  A qu.antity  of  barium  dioxide  is  suspended  in  water  and 
decomj)Osed  by  carbon  dioxide.  If  19‘7  gm.  of  barium  carbonate 
are  formed,  what  volume  of  oxygen  at  14°  C.  will  be  set  free  on 
boiling  the  solution  of  hydrogen  dioxide  ? 

BaO.,  -t-  CO.,  + H..0  = BaCOa  -f  H.,0... 

ILbo  = ILO  + 0. 

29.  AVhat  volume  of  oxygen,  supposing  th.at  it  remained  gaseous 
at  -140°C.  and  245‘2  metres  of  mercury,  could  be  made  from 
013  gm.  of  potas.sium  chlorate? 

KCIO3  = KCl  -I-  30. 

30.  What  would  be  the  volume  of  the  liquefied  gas  if  the  density 
of  it  be  0-89  ? 
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31.  In  one  of  ])uina.s  and  lions.singanlt’.s  u.Kiieriments  thu  cnjuio 
ixide  lost  .^)9'789  gni.,  and  07 '282  gin.  of  water  were  forined. 
dalrulate  the  atoinie  weight  of  oxygen. 

CnO  + lU  = On  + 11, ,0. 

32.  "What  volnnie  of  Ih^nid  oxygen  (A'89)  eonld  be  obtained  from 
00  1.  of  the  ga.s  inea.snred  at  20'  C.  ? 

33.  What  is  the  ni.ass  of  550  ecm.  of  oxygen  (O.j)  niea.sured  over 
cater  at  20"  G.  and  750  inni.  ? 

34.  10  gm.  of  ]iota.ssinm  diehroniate  are  boiled  with  hydrogen 
mlphate.  What  volume  of  oxygen  at  20"  C.  is  given  olf  ? 

K.X'r.O-  f 4ILSO4  = K.4SO,  + C’r,.3S04  + 411., 0 + 30. 

35.  What  volume  of  oxygen  meiLsured  over  trater  at  13°  t'.  and 
.'51  mm.  is  obtained  on  heating  100  gm.  of  (o)  manganese  ilioxide, 
:;8)  potassium  dieliromate  with  hydrogen  suliihate  ! 

MnO.,  + H..SO,  = MnSO^  + H..0  i 0. 

KoCr.,0;  + 411,80/=  K.,80,  + L'r,3SO;  4H..0  + 30. 


ril.U'THR  YI. 
lIviIltuIIKN.  11  = ]. 


1.  What  volume  is  occupied  by  a gram  of  liquid  hydrogen 
-A  0’07)?  If  the  boiling  jioint  is  -238'5°  wha’t  is  it 
F<'ahrenheit  ? 

2.  100  gm.  of  zinc  are  dis.solved  in  dilute  hydrogen  sulphate. 
'What  volume  of  hydrogen  is  given  off  ? 

Zn  + Ib.SO,  = ZmSO^  -■  IR. 

3.  How  many  kilos,  of  (a)  zinc  and  (;3)  hvdrogen  .sulphate  are 
■'eqiurcd  to  make  750  litres  of  hydrogen  t 

Zn  + ILSO4  = Z11SO4  + I/- 

4.  How  many  litres  of  hydrogen  are  olhained  on  dis.sulvin'' 

0 gm.  ol  magnesium  in  dilute  acid  ? " 

Mg  + H.,80,  = Mg80,  -e  ]i,„ 

5.  How  many  grams  of  water  are  funned  on  burnin--  5 1 of 

lydrogeii  ? ‘ 

11.,  + 0 = H,,0. 
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(i.  A balloon  holds  64  cuh.  metros  of  iioniial  hydrogen  How 

many  kilos,  docs  tho  gas  weigh  ? 

7.  What  is  the  imtss  of  006  1.  of  hydrogen  (Ho)  measured  at 
- 20°  C.  and  770  mm.  ? 

8.  100  gm.  steam  are  passed  over  red-hot  iron.  What  volume 
(d'  hydrogen  at  10°  C.  and  742  mm.  is  fonned  ? 

4ILO  4-  31'e  = FejOj  + 4IL. 

9.  50  cem.  of  hydrogen  at  17°  C.  and  800  mm.  are  re(]uired. 
How  much  sodium  must  be  thrown  into  water  ? 

Na  + 11,0  = HNaO  +11. 

10.  4 1.  of  hydrogen  are  passed  over  heated  cupric  oxide.  What 
loss  of  mass  does  the  oxide  undergo  ? 

II2  + CuO  = Cu'+  IIoO. 

11.  100  gm.  of  levigated  iron  arc  dissolved  in  dilute  hydrogen 
sulphate.  What  volume  of  hydrogen  at  15°  C.  is  evolved  ? 

Fe  + H„S04  = FeSOj  + Ho. 

12.  400  cem.  of  hydrogen  are  measured  olf  at  72°  0.  and  800  mm. 
What  is  the  normal  volume  ? 

13.  10  gm.  of  .steam  are  ])assed  over  red-hot  iron.  What  volume 
of  hydrogen  at  13°  C.  and  711  mm.  is  obtained  ? 

4 HoO  + 3he  = h e^Oj  + 4Ho. 

14.  How  many  litres  of  hydrogen  at  10°  C.  and  770  mm.  are 
obtained  on  passing  2 gm.  of  steam  over  red-hot  iron  ? 

4H.jO  + 3Fe  = Fe304  + 411.,. 

15.  A balloon  of  150  cuh.  metres  eaj)aeity  is  to  he  lilled  with 
hydrogen  at  11°  C.  and  763  mm.  How  many  kilograms  of  zinc  and 
oi'  hydrogen  sulphate  must  he  used  ? 

Zn  + II2SO4  = Z11SO4  + H.,. 

16.  A kilo,  of  zinc  is  placed  in  a .strong  copper  ve.ssel  holding  4 1. 
which  is  then  half  fdled  with  dilute  hydrogen  chloride.  How  much 
zinc  is  dis.solvcd  before  the  pre.ssure  reaches  120  atmosjiheres  and  the 
action  ceases  ? 

Zn  + 2HC1  = Znf'U  + Ho. 

17.  Find  the  true  miiss  in  lbs.  of  a cubic  foot  of  normal  hydrogen 
and  of  a cubic  foot  of  normal  air. 

18.  A spherical  balloon  50  ft.  in  radius  will  contain  how  many 
lb.  of  hydrogen  and  how  many  Ih.  of  air  ? 

19.  The  hydrogen  used  at  Woolwich  has  a lifting  power  of  71  lbs. 
per  1000  cubic  ft.  If  tho  gas  were  ]mre,  what  would  the  lifting 
]iower  be  '! 
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'.‘20.  A kilo,  of  iiotiissium  ronioito,  whoii  liwitud  willi  jii)ta.s.siiim 
ydiiite,  would  givo  wluit  volumo  of  hyilrooun,  .su|)i)0.siiig  it  wc-iu 
liill  ga-seou.s  at  -1-10°C.  and  umlor  a [u-ussure  of  49-1  iiuitros  of 
i-en'Ui'V  f 

t'HKOo  + IIKO  = K2CO3  + II.,. 


121.  How  imich  zinc  is  required  to  obtain  100  I.  of  hydrogen  at 
r C.  and  800  nini.  ? 

Zn  + 1I..S04  = ZnSO^  + 11... 

22.  How  nincli  zinc  must  be  dis.solved  in  acid  to  make  f)  cub. 

1 etres  of  hydrogen  at  15’ t'.  and  740  mm.  ? 

Zn  -i-  H3SO4  = Z11SO4  H lU. 

23.  How  many  ccm.  of  (a)  m.agnesinm  (A  1'74),  (0)  zinc  (A  7'2), 
>)  iron  (A  7 '8),  must  be  dis.solved  in  acid  to  give  50  1.  of  hvdrogen 
.15°C.  ? 

[MgZnFe]  -t  H.,SOj  = [MgZnFe]SOj  +1H. 

24.  AVli.at  is  the  mass  of  a litre  of  hydrogen  measured  over 
later  at  50’  C.  and  790  mm.  ? 

25.  100  gm.  of  potassium  formate  are  heated  with  pota.ssium 
\ydrate.  AVhat  volume  of  hydrogen  at  15’  C.  and  790  mm.  is 
iven  olf  ^ 

CHKO.j  a-  HKO  = K./'0.|  + H... 


CHAI’TKU  VII. 
W.VI'KII,  11. p - IS. 


1.  840‘10  gm.  o.xygen  are  required  to  form  945-439  gm.  of  water, 
lalculate  the  percentage  (!om|)osition  of  water. 

2.  10  gm.  of  water  are  decomposed  by  electricity.  What  volumes 
If  hydroge'.i  ami  of  oxygen  are  evolved  1 

H.p  = H.J  + 0. 

3.  What  volume  is  oceuiued  hv  100  gm.  of  .steam  (II., 01  measured 

:t  300°  0.  ? ■ 

4.  Wliat  is  the  volume  of  1000  gm.  of  (a)  sea-water  A 1-026. 
>3)  ice  A 0-92  ? 

5.  1 000  gm.  of  .sea-water  ( A 1 -029)  contain  35-9  gm.  of  .soliil  matter 
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ill  solution.  How  many  kilos,  of  soliil  iimlter  are  there  in  solution 
in  a cubie  kilometre  of  sea-water? 

C.  How  many  cuhie  feet  are  oeeupied  hy  a ton  of  sea- water 
(A  1 -029)  ? 

7.  A block  of  ice  (A  0‘92)  weighs  280  kilos.  Find  its  volume. 

8.  If  the  density  of  ieo  be  0'92,  what  volume  will  1000  cem.  of 
water  at  4°  t'.  occupy  when  frozen  ? 

9.  An  iceberg  (A  0'92)  boats  in  sea-water  (A  1’027)  with  30,000 
cub.  m.  above  the  sea.  What  is  the  total  volume  of  the  berg  ? 

10.  Sea- water  (A  1 '026)  contains  3 per  cent,  of  sodium  chloride 
(Nat'l).  How  much  sodium  is  there  in  a cubic  metre  of  sea- 
water ? 

11.  1000  gm.  of  .sea-water  (a1’027)  contain  37  gm.  of  .salt 
(A  2'l(i).  What  contraction  do  1000  ccm.  of  water  undergo  during 
the  .solution  of  the  salt  ? 

12.  100  gm.  of  gypsum  are  heated.  "What  volume  of  steam  at 
300°  C.  is  given  olf  ? 

CaS042H.,0  = CaSOj  -f  2H..O. 

13.  100  gm.  of  each  variety  of  sodium  carbonate  (i.)  Xa.jCO;,10H„O, 
(ii.)  Na2t'038H,0,  (iii.)  NaoCOaSlHO,  (iv.)  Xa.2C03ll20  contain  how 
many  grams  of  water  ? 

14.  A tube  containing  cupric  oxide,  which  weighed  10.0'6  gm., 
after  being  heated  to  rodne.ss  in  a current  of  hydrogen  weighed 
101 '6  gm.  The  drying  ai>]iaratus  weighed  80'3  gm.  before  and 
84'8  gm.  after  the  experiment.  How  much  oxygen  unites  with  one 
part  of  hydrogen  ? 

h 0 — ho. 

15.  If  88'88  parts  of  oxygen  unite  with  11 'll  jearts  of  hydrogen, 
and  the  equivalent  of  oxygen  be  100,  what  is  the  equivalent  ol 
hydrogen  ? 

A -f  0 = ho. 

16.  In  one  of  Dumas’s  experiments  to  ascertain  the  compositior 
of  water  by  jia.ssing  hydrogen  overheated  cupric  oxide  the  followiiq 
results  were  obtained  : — 

.Macs  of  cupilc  oxide  and  tube  before  the  experiment,  334’598  gm 
„ „ „ after  „ 314 ‘236  „ 

Mass  of  drying  tubes  before  the  experiment  426'358  ,, 

„ „ after  „ 449'263  „ 

Calculate  the  percentage  comiiosition  of  water  by  ina.ss. 

17.  100  gm.  of  steam  are  pa-ssed  over  red-hot  iron.  M hat  volumi 
of  hydrogen  at  14°  0.  and  730  mm.  is  formed  ? 

411„0  -t-  3Fe  = Fc304  -t-  4H2. 
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18.  10  cciii,  of  sodium  (A  0'97)  uvc  thrown  into  w.ater.  What 
ilume  of  liydrogen  at  18°  C.  and  570  mm.  is  evolved  ? 

Na  + H.p  = KXaO  + H. 

,19.  What  volume  of  oxygen  at  12°  C.  and  702  mm.  is  evolved 
• decomposing  1 gm.  of  water  by  electricity  ? 

1I„0  =:  11.,  + 0. 

.20.  500  ccm.  of  hydrogen  at  39°  C.  arc  cxiiloded  with  500  cimii. 
loxvKen  under  a pressure  of  332 '5  mm.  What  volume  of  which 
iS  is"  left  ? 

IIo  + 0 = H„0. 

;21.  How  much  water  must  he  electrolysed  to  give  a litre  of  gas 
115°  C.  and  740  mm.  ? 

ir.,0  = II.j  ! 0. 

122.  400  tro}'  ounces  of  water  at  16°  K.  are  mixed  with  400 
loirdupois  ounces  at  95°  F.  Find  the  ma.ss  of  the  mixture  in  grams 
id  the  temperature  of  it  Centigrade. 

123.  How  many  gr.ams  of  steam  must  be  jiassed  into  100  gm.  of 
•.ter  at  0°  C.  in  which  10  gm.  of  ice  arc  floating  to  raise  the  tem- 
■rature  of  the  whole  to  50°  t’.  ? 

:24.  1 ccm.  of  water  at  4°  C.  forms  how  many  times  its  volume  of 
•am  at  300°  C.  ? 

225.  Find  the  density  of  steam  at  300°  C.  referred  to  air  at  0°  ('. 
^26.  .V  pound  of  dry  steam  at  374°  F.  occupies  how  many  cubic 
•t  ? 

227.  2 grams  of  silver  oxide  are  thrown  into  hydrogen  dioxide, 
ihat  volume  of  ox3-gcn  at  13°  C.  is  given  olf? 

Ag.,0  + H.p.,  = Ag.,  + 1T„0  -f  O,. 

228.  I’urc  hydrogen  dioxide  (A  1'455)  gives  how  many  times  its 
I'lumo  of  oxygen  when  boiled  'f 

IRO.  = lip  + 0. 

229.  A .solution  of  hydrogen  dioxiilc  (A  1 ’455)  gives  twenty  times 
i volume  of  oxygen  when  boiled.  Find  its  i)erccntagc  compo-sition 

mass. 

lip.  = H.p  + O. 


30.  How  many  grains  does  a cubic  foot  of  aipieons  vaiiour 

sasnivcl  at  212°  F.  and  30  inches  of  menairy,  weigh  ? ’ 

31.  Wliat  volume  of  oxygen  .at  10°  C.  can ‘be  obf7iined  on  boilim' 
grams  of  hydrogen  dioxide  ? 

H.p.,  = lip  + 0. 
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32.  100  "111.  of  solution  of  liydrof'cii  dioxide  in  water  when 
boiled  "avc  5 litres  of  oxygen  at  12°  C.  and  750  mm.  Find  the 
iiercentage  of  hydrogen  dioxide  in  the  solution. 

H.,02  = I1„0  + 0. 

33.  According  to  Chaney  a cubic  foot  of  water  at  62°  F.  weighs 
62‘278601  lb.  against  brass  (A  8T43)  weights  in  air.  If  a volume 
of  water  at  39°  F.  becomes  1 00112  volumes  at  62°  F.,  how  inauj 
])ounds  does  a cubic  foot  of  water  at  39°  F.  weigh  in  vacuo  ? 

CHAPTER  YIII. 

Nitrogen,  N = 14. 

1 . What  do  100  1.  of  nitrogen  (No)  weigh  ? 

2.  146  ccm.  of  nitrogen  at  17°  C.  and  974  mni.  arc  heated  t 
51°,  the  iiressuro  being  decreased  to  760  mm.  Find  the  nei 
volume. 

3.  What  volume  of  nitrogen  can  bo  obtained  from  10  gm.  c 
ammonium  nitrite  ’! 

NHjNOa  = 21LO  + N... 

4.  128  gm.  of  ammonium  nitrite  arc  heated.  What  volume  c 
nitrogen  at  39°  C.  and  950  mm.  is  given  off? 

NH4NO2  = 2H2O  + N„. 

5.  100  gm.  of  lead  nitrate  when  heated  were  I'oiind  by  Svanber 
to  leave  67'4016  gm.  of  lead  oxide.  If  0 = 100  ami  I’l)  = 1294 
what  is  the  atomic  weight  of  nitrogen  ? 

IT12NO3  PbO  + 0 + 2NOo. 

6.  30  ccm.  of  nitrogen  were  measured  off  at  18°('..  in  a tubi 
The  barometer  .stood  at  750  mm.  and  the  mercury  in  the  tube  a 
120  mm.  Find  the  nonnal  volume  of  the  gas  and  its  mass  in  gran^ 

7.  What  is  the  mass  of  270  ccm.  of  nitrogen  measured  over  wat( 
at  8°  C.  and  768  mm.  ? 

8.  3 gm.  of  urea  arc  warmed  with  potassium  nitrite  and  liydroge 
sulphate.  AVhat  volume  of  nitrogen  and  of  carbon  dioxide  i 
given  off  ? 

CON2H4  + N.,03  = 2N„  2H..0  + CO,. 

IlYDiiooEK  Nitrate,  HNO3  = 63. 

9.  How  many  jionnds  of  hydrogen  nitrate  are  obtained  on  dii 
tilling  400  lbs.  of  .sodium  nitrate  with  hydrogen  sulphate  ? 

2NaN03  H IUSO4  = Na„S04  -i  2IINO3. 

10.  What  volume  is  occuincd  by  10,000  gm.  of  hydrogen  nitrat 
(A  1-5)  ? 
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IT.  How  much  oxygen  is  there  in  a litre  ot  hydrogen  nitrate 
lllNO;,),  the  density  of  which  is  I'.')  ? 

12.  Wliat  volnine  of  hydrogen  .sulphate  (A  1 ’84)  must  be  distilled 
vith  1 kilo,  of  sodium  nitrate,  and  what  volume  of  hydrogen  nitrate 
;a  1 '5)  will  be  fonned  ? 

NaNOs  + H.,SOj  = llNaSO^  + IINO3. 

13.  How  man}' grams  of  hydrogen  nitrate  can  be  obtained  from  a 
tilo.  of  sodium  nitrate  ? 

NaNOs  + II0SO4  - HNaSO^  + HNO3. 

14.  What  is  the  least  ((uantity  of  hydrogen  sul])hate  which  can 
oe  used  to  decompose  500  gni.  of  potassium  nitrate  ? 

2KNO3  + lIoSOj  = K,,SO,  + 2IINO3. 

15.  How  much  pota.ssium  nitrate  and  what  volume  of  hydrogen 
lailphate  (a  1'842)  must  be  distilled  together  to  form  a litre  of 
lydrogen  nitrate  (A  1'52) 

KNO3  + 11.3804  = HKSO3  + HNO3. 

16.  Hydrogen  nitrate  (A  1'353)  at  15°  C.  contains  56  per  cent,  of 
' cal  acid.  Find  a fonnula  for  it. 

17.  When  hydrogen  nitrate  is  distilled  under  ordinary  ]ire.ssures, 
?.t  abo\it  120°  t'.,  an  acid  (A  1 ’44)  containing  70  jier  cent,  of  real 
■cid  passes  over.  Find  a formula  for  it. 

18.  Ordinary  hydrogen  nitrate  (A  1'4)  contains  65'07  ])erccnt. 
vy  mass  of  real  acid.  What  vidiune  of  sindi  an  acid  must  be  made 
lap  to  one  litre,  that  1 ccm.  may  contain  0'63  gm.  of  real  acid  '! 

19.  How  much  hydrogen  nitrate  is  reipiired  to  neutralize  a s(du- 
ition  of  800  gm.  of  potassium  hydrate  ? 

HKO  + HNO3  = H.,0  + KNO3. 

20.  How  much  quick-lime  is  left  on  heating  1000  gm.  of  calcium 
li  itrate  ? 

Ca2N03  = CaO  -f-  0 -H  2NOo. 

21.  How  many  kilos,  of  tin  must  be  hcateil  with  hydrogen  nitrate 
'0  form  10  lbs.  of  stannic  oxide. 

Sn  -t  4HNO3  = 4NO„  -1-  2H„0  -i-  8nO.,. 

22.  How  many  ounces  of  silver  nitrate  are.  formed  by  the  action 
f hydrogen  nitrate  (A  1 '4)  upon  1,000  gm.  of  silver  ? 

6HNO3  -1-  lAg  = 4AgN03  -I-  3II3O  -I  N3O3. 

23.  How  much  anmioninm  nitrate  is  formed  by  dissolving  4 gm. 
f zinc  in  hydrogen  nitrate  (A  1 '4)  ? 

IOHNO3  4-  4Zn  = 4Z112NO3  + 311..0  I-  H3NXO3. 
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24.  What  volume  of  iiitvogeu  at  17°  C.  is  evolved  on  heating 
100  gm.  of  copper  with  hydrogen  nitrate  (A  1'4)  1 

I2HNO3  + SCu  = 5CU2NO3  + 6H„0  + N.J. 

25.  A cylindrical  iron  bottle  a foot  high  and  six  iiiche.s  across 
inside  is  to  be  filled  with  nitrous  oxide  at  15°  C.  and  under  40 
atmosjiheres  pressure.  How  many  grams  of  zinc  must  be  dissolved 
in  hydrogen  nitrate  (A  I'l)  ? 

IOHNO3  + 4Zn  = 4Z112XO3  + 5H.jO  + N„0. 

2G.  What  volume  of  hydrogen  nitrate  (Al-52)  and  ma.ss  of 
phosphorus  ])entoxide  must  be  distilled  together  to  form  100  gm.  of 
nitrogen  jientoxide  ? 

2HNO3  + P0O5  = 2IIPO3  + 


Tiiic  O.KinES  oE  Nitrogen. 


27.  Calculate  the  percentage  composition  of  ammonium  nitrate, 


NHjNOa. 

28.  What  volume  of  nitrous  oxide  can 
grams  of  ammonium  nitrate  ? 


be  obtained  from  240 


NH4NO3  = 2H„0  + N„0. 


29.  How  much  ammonium  nitrate  is  re(piired  to  make  40  1.  of 
nitrous  oxide  ? 


NH4NO3  = 2H„0  + NoO. 

30.  What  is  the  mass  of  100  1.  of  (a)  nitrous  oxide  N„0,  (0) 

"'31?  Wdiat  volume  of  nitrons  oxide  at  15°  C.  and  740  mm.  is  given 
by  30  gm.  of  ammonium  nitrate  ? 

NH4NO3  = 2H„0  + NO„. 

32.  What  volume  of  hydrogen  is  required  to  combine  with  the 
oxygon  contained  in  10  gm.  of  nitrous  oxide  ? 

NoO  + Ho  = HoO  + N.,. 

33.  How  much  ])liosphoriis  can  be  burnt  in  4 1.  of  nitrous  oxide 
measureil  at  14°  C.  1 

P„  + 5N„0  = P0O5  + 5No. 


34. 

35. 


What  volume  is  occupied  by  13  gm.  of  nitric  oxide  NO  ? ^ 
How  much  coiiper  is  required  to  form  10  1.  of  nitric  0x1  Ic  . 


3Cu 


+ 8HNO3  = 3C112NO3  + 4HoO  + 2NO. 
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36.  AVliat  volume  of  nitric  oxide  at  13°  C.  is  obtained  on  dis- 
blving  25  gin.  of  copper  in  hydrogen  nitrate  1 

3Cu  -f  8HNO3  = 3C112NO3  -f  411.0  + 2NO. 

37.  127  gni.  of  (‘op])cr  are  di.s.solved  in  liydrogen  nitrate.  What 
loluine  of  nitric  oxide  at  14°  C.  and  1000  nun.  is  evolved  ? 

3Cu  + 8IINO3  = 3Cu2N03  + 411.0  -!■  2NO. 

38.  Wliat  volinne  of  nitric  oxide  is  obtained  on  boiling  50  gni. 
f hydrogen  nitrate  with  acidilieil  ferrous  sulpliate  ? 

2IINO3  + 3II.3SO4  -f  6FeS04  = SFe.SSO^  -i-  4IRO  + 2NO. 

39.  5 com.  of  mercury  1 A 13'55)  are  warmed  with  hydrogen 
idtrate.  What  volume  of  nitric  oxide  at  21°  G.  is  evolved  ! 

31Ig  + 8IINO3  = 31Ig2N03  -f  4II.3O  4-  2NO. 

40.  100  ;,nu.  of  cuprous  oxide  are  warmed  with  dilute  hy<lrogen 
iitrate.  What  volume  of  nitric  oxide  is  evolved  ! 

3('iuO  + I4IIXO3  = 6CU2NO3  -f  7II.,0  I 2NO. 

41.  4 1.  ot  nitric  oxide  at  17°  C.  and  750  mm.  are  ])a.s.sed  over 
eil-hot  copper.  What  volume  of  nitrogen  at  7°  ('.  ami  600  mm.  is 
■ volved  1 

2NO  -t-  2('ii  = 2GuO  + N.. 

42.  AVhat  volume.'  of  oxv'geu  is  rei|uireil  to  convert  10  gm.  of 
iitric  oxide  in  presence  of  water  into  hydrogen  nitrate  ! 

2NO  I-  H.,0  -(-  30  = 2IINO3. 

43.  300  gm.  of  dry  leail  nitrate  are  heated.  AVlLat  volume  of 
i.itrogcn  tetroxiile  at  100°  C.  is  evolved  ? 

Fb2N03  = I'bO  + 0 i-  2NO.,. 

44.  Exi  i'.ss  of  ('arboii  is  thrown  iido  100  gm.  of  fuseil  jiotiussiiim 
riitrate.  What  volume  of  nitrogen  and  of  carbon  dioxide  is  evolved  ? 

4KNO3  + 5C  = 2K.C03  ! 2N.  I-  3GO.. 

45.  At  27°  nitrogen  tetroxidc  is  2‘65  times  as  heavy  as  air,  ami 
t ISO  (. . it  is  1 *a7  tinms  as  hea\'y.  hind  the  I'orrespomliiig 

iuoleimlar  weights. 

46.  Find  the  jierccnfago  composition  of  (a)  uitroxyl  chloride 
'nO('1  ami  (0)  nitryl  chloride  NO.l'I. 

•17.  What  voluim^  id'  chlorim'  at  15°  ( must  be  pa.ssed  over  20  "in. 
of  silver  nitrate  to  obtain  nitrogen  |iciitoxide  1 ° 

<'l..  + 2AgN03  = 2Ag('l  + 0 -I-  N.O,. 
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48.  25 '82  cctn.  of  nitric  o.xido  diffuse  through  a certain  apparatus 
in  50  secoiuls.  What  volume  of  hydrogen  will  diffuse  under  the 
•same  conditions  ? 


A.mmonia,  NH3  = 17. 

49.  How  many  grams  of  ammonia  can  be  obtained  from  2140  gm. 
of  ammonium  chloride  ? 

2NII4CI  -1-  CaO  = CaC'I.3  + ll.p  -I-  2NH3. 

50.  What  volume  of  ammonia  is  obtained  from  31'47gm.  of 
ammoninm  chloride  ? 

2NII4CI  + CaO  = CaCl.j  + 1I.,0  + 2XH3. 

51.  What  volnmo  is  occupied  by  100  gm.  of  .ammonia  ? 

52.  How  much  ammonium  chloride  must  be  heated  with  lime  to 
make  80  1.  of  ammonia  1 

2NH4CI  + CaO  - CaCLj  + H.O  4-  2NH3. 

53.  What  volume  is  occupied  by  20  gm.  of  ammonia  at  12°  C. 
and  730  mm.  ? 

54.  What  volume  of  ammonia  at  15°  C.  and  740  mm.  could  he 
obtained  from  214  gm.  of  ammoninm  chloride  ? 

2NH4CI  + CaO  = CaCl.,  + II.O  + 2NH3. 

55.  How  many  gr.ams  of  ammonia  are  olitained  on  jtassing  3 gm. 
of  nitric  o.xido  mi.xed  with  cxcc.ss  of  hydrogen  over  hot  spongy 
platinum  ? 

2NO  + lOH  = 2NH3  + 2II0O. 

56.  How  much  do  2 1.  of  .solution  of  ammonia  (a  ’88)  weigh  ? 

57.  What  volume  of  ammonia  is  required  to  neutralize  10  gm.  of 
hydrogen  chloride  ? 

HCl  + NII3  = NHjCl. 

58.  29  ccm.  of  ammonia  are  decomposed  by  a scries  of  electric 
sparks  and  the  mixed  gases  arc  exploded  with  30  ccm.  of  oxygen. 
What  volumes  of  what  gases  remain  ? 

2NH.,  = 3 Ho  + No. 

3Ho  + 30  = 3H'oO. 

59.  What  volume  of  .ammonia  will  diffuse  under  the  .same  con- 
ditions .vs  84  ccm.  of  snliihur  dioxide  (SO.j)  ? 

60.  2 gm.  of  pot.vssium  are  heated  in  ammonia.  How  much 
jiolassamide  and  what  volume  of  hydrogen  at  15°  C.  is  formed  ? 

1C  + NII3  = KHoN  + 11. 
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61.  10  gin.  of  .solution  of  ammonia  when  mi.xcd  with  .sodium 
hypohromite  gave  1 1.  of  nitiogen  at  7°  C.  Find  the  jicrcentagc  of 
lammonia  in  the  .solution. 

SNaBrO  f 2N1P,  = 3XaHr  + 3H..0  + .N%. 

62.  A .sub.stanee  contains  silver  78 '2.5  per  cent.,  nitrogen  10T.6 
per  cent.,  and  oxygen  11 '.69  per  cent.  Find  its  fonnula. 

63.  Find  the  ]iercentage  composition  of  dimemirammonium 
•iodide  (NHgoI). 

64.  Exce.ss  of  phosphorus  is  hurnt  in  10  1.  of  nitrous  oxide  at 
•5°  C.  "What  volume  of  nitrogen  at  15°  C.  is  left? 


6.'i.  2 1.  of  nitryl  chloride  at  15°  C.  arc  jia.ssed  over  warm  silver 
uiitrate.  How  much  nitrogen  pentoxidc  is  formed  ? 


66.  1 ccm.  of  liquid  ammonia  lA  "63')  under  the  pre.ssure  of  5 
atmospheres  is  heated  from  0°  C.  to  20°  C.  tVhat  volume  will  the 
,'gas  occuiiy  ? 

67.  Find  the  percentage  composition  of  (a)  hydrazine  (NoH^) 
land  (/3)  azoimide  (N3H). 

68.  A body  contains  64 '62  per  cent,  of  nitrogen  and  35 '38  per 
.-cent,  of  sodium.  Find  a formula  for  it. 


A litre  of  normal  air  weighs  1'293  grams  ; or  a cubic  fool  iceighs 
j)«0807  lb.  Air  eouiains  2\  per  cent,  by  volume  and  per  cent, 
'iy  mass  of  oxygen. 

1.  In  one  of  Dumas’  experiments  to  determine  the  composition 
i|)f  air  by  pas.sing  it  over  heated  copper  ; — 

Ma.ss  of  tube  and  cojqier  before  the  experiment  120  gm. 

• > ,,  after  ,,  121 ’15  ,, 

Mass  of  the  glolie  exhausted  852 

,,  and  nitrogen  855-85  ,, 

dalcnlate  the  percentage  comiiosition  of  air  liy  m.xss  anil  by  volume. 

2.  100  1.  of  air  are  jia.ssed  over  red-hot  cojijier  How  much  does 
lie  cojqier  increase  in  ma.ss  ? 


1\  -f  5N„0  = P„0.,  -f  5Xo. 


NO.Cl  -1-  AgXOa  = AgCl  -f-  X^Oj. 
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3.  20  ccm.  of  iiir  are  mixed  with  30  ccni.  of  hydrogen  and  ex- 
ploded. Wliat  volnme.s  of  what  gases  are  left  ? 

ITj  -I-  0 = HoO. 

4.  16'7  ocni.  of  air  when  mixed  with  hydrogen  in  a lire’s 
eudiometer  measured  29  eem.  After  the  explosion  the  residual  gas 
measured  18  "5  cem.  What  is  the  jiereentage  by  volume  of  oxygen 
in  the  air? 

H.,  -I-  0 = H.,0. 

5.  How  much  j)hosphoru.s  is  required  to  remove  the  oxygen  from 
a litre  of  air  ? 

Pj  + O5  = P2O5. 

6.  How  much  ]rhos])horus  mast  be  burnt  in  what  volume  of  air 
at  0°  C.  to  make  15 '8  1.  of  nitrogen  at  13°  C.? 

Po  + 0,  = 

7.  How  much  jihosphorus  is  required  to  remove  the  oxygen  from 
100  1.  of  air  at  15°  C.  and  740  mm.  ? 

P.,  -f  0,  = P,,0,. 

8.  According  to  Vernon  Hareourt  a mixture  of  air  and  ammonia 
jiasscd  over  red-hot  copper  gives  pure  nitrogen.  How  much  nitrogen 
can  bo  obtained  from  100  1.  of  air,  and  how  many  ccm.  of  solution 
of  ammonia  containing  700  times  their  volume  of  the  gas  arc  used  ? 

2NH3  t-  30  = 3HoO  I-  X.. 

9.  At  what  temperature  does  a litre  of  air  weigh  a gram  ? 

10.  What  volume  of  air  (cont.  ‘04  jicr  cent,  by  vol.  of  carbon 
dioxide)  must  be  drawn  through  lime-water  to  j)recii)itate  1 gram 
of  calcium  carbonate  ? 

CalloOo  + COo  = H„0  )-  CaCOj. 

11.  What  is  the  difference  in  mass  between  10  1.  of  air  at  15°  C. 
and  10  1.  of  nitrogen  under  775 '62  mm.  ? 

12.  On  October  14th,  1881,  the  pre.s.sureof  the  wind  at  Greenwich 
was  53  lbs.  per  sq.  ft.  How  many  grams  per  .scm.  was  it  ? 

13.  A man  inhales  18  cub.  ft.  of  air  per  hour.  How  many  pounds 
of  oxygen  docs  ho  rc(|uire  in  24  hours  ? 

14.  Wc.stminstcr  Hall  is  290  ft.  long,  68  fl.  wide,  and  110  ft. 
high.  How  many  tons  of  air  does  it  contain  ? 

15.  What  is  the  mass  of  500  cub.  metres  of  air  at  21°  C.  ? 

16.  Find  the  mass  of  640  ccm.  of  air  measured  at  516°  C.  and 
712  mm. 
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17.  How  many  ]iouiuls  of  air  at  15°  are  there  in  a room  30  ft. 
long,  32  ft.  wiile,  and  15  ft.  iiigh  ' And  what  mass  of  oxygen  is 
tliere  in  tlie  air  ? 

18.  How  many  kilogram.s  of  air  are  there  in  a room  17  ft.  6 in. 
long,  14  ft.  -wide,  and  10  ft.  high  1 

10.  It  i.s  cahailated  that  the  mass  of  the  atmospliere  is  e(iiial  to 
that  of  581,000  euhie  kilometres  of  eo[)iier  (a  8’9).  Find  the  radius 
of  an  iron  (A  7 ’8)  .sjiliere  eijnal  in  ma.ss  to  the  atmo.s])liere. 

20.  An  inedi  of  rainfall  is  how  many  tons  of  water  per  aere  'i 

21.  The  area  of  the  h.asin  of  the  Thames  i.s  6000  .srpiare  miles. 
A nainfall  of  3 '937  inches  upon  it  i.s  how  many  euhie  metres  of 
water  ? 

22.  176’1  ecm.  of  air  were  measured  olf  at  10°  C.  after  saturation 
with  aipieous  vapour.  The  haroiucter  stood  at  747'2  mm.  and  the 
mereury  in  the  tuhc  at  70  mm.  Find  the  normal  volume  of  the  air. 

23.  After  absorption  hy  pyrogallate  the  nitrogen  measured 
l !2'8ccm.  at  8°  f.  The  barometer  stood  at  751’S  mm.  and  the 
mercury  in  the  tul>e  at  96'8  mm.  Find  the  jiercentage  by  volume 
of  oxygen  in  the  air  of  the  la.st  (pie.stion. 

24.  How  much  moist  iron  can  bi‘  oxidized  bv  1000  1.  of  air 
at  13°  C.  '! 

2Fe  + 30  = Fe^j. 

25.  How  much  sulphur  can  be  burnt  in  20  1.  of  air  at  26°  C.  ? 

S + O.j  = SO.,. 

26.  IVliat  volume  of  air  at  21°  C.  must  be  ])asscd  over  100  gm. 

I of  copper  to  convert  it  into  cupric  oxide  1 

('ll  + 0 = f'uO. 

27.  How  much  magnesium  can  lie  burnt  in  a globe  containing 
^ 5 1.  of  air  at  21“  ('.  and  740  mm.  t 

Mg  + 0 = .MgO. 


28.  146  ccm.  of  air  at  10°  ( and  730  mm.  are  mcasurel  olf  over 
wvater.  M'hat  would  the  dry  normal  air  measure  ? 

29.  A cubie  mile  of  air  at  760  mm.  and  30°  (_'.  is  .s.aturated  with 
aqueous  vapour.  How  man v tons  ol'  rain  will  fall  if  the  temperature 

■sink  to  0°  (A  ? 

30.  A mass  of  air  a mile  sipiare  and  lOO  ft.  thick  i.s  .saturated 
with  a(|ueous  vapour  at  10°  If  the  temperature  I'all  to  5°  C.  how 
many  tons  of  rain  will  fall  '! 
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31.  5UU  gill,  of  ciirboii  iiru  tmriit  in  60  cub.  inctic.s  of  ail-  ut 
14"  C.  free  from  carbon  dioxiilc.  Find  the  iicrccntage  of  oxygen, 
nitrogen,  and  carbon  dioxide  in  tlie  air  after  tlie  cxiieriinent. 

C + 0.,  = CO... 

.32.  A vessel  of  water  at  99°  V.  weigbing,  when  reduced  to  water, 

.'iO  kilo,  was  jilaced  in  a room,  tlie  walls  of  which  are  10  m.  each 
way  and  imiiervious  to  heat,  containing  normal  air  (sji.  lit.  0‘lGS). 
Kind  the  temi>eratiire  of  the  air  and  the  increase  in  luessure  on  each 
scm.  of  the  walls. 

33.  1000  cub.  metres  of  gas  at  18°  C.  and  705  mm.  are  jmt  into 
a balloon  of  1250  ciib.  metres  cajiacity.  After  a.scending  a certain 
height  the  temjierature  is  found  to  be  8°  C.  and  the  balloon  is  fully 
distended.  Find  the  heiglit  of  the  barometer  in  the  balloon  and 
the  distance  of  the  balloon  from  the  earth. 

34.  If  the  earth  be  a sjihere  of  6,371,300  metres  radius  and  the 
jiressure  of  the  air  (containing  ’04  ]ier  cent,  of  carbon  dioxide  CO, 
liy  ma,ss)  be  1'0333  kilo,  jier  sciu.,  find  the  mass  of  the  carbon  in 
the  atmosphere. 

35.  In  one  of  Lord  Rayleigh’s  experiments  7925  ccm.  of  air  left  i 

65  ccm.  of  argon.  What  is  the  percentage  by  volume  of  argon  in  J 
the  atmosphere  ? ! 

36.  If  the  density  of  argon  be  19  9,  what  do  100  ccm  of  it  ' 
weigh  1 

CHAPTER  X. 

Carbon  C = 12. 

1.  Tlie  Kohinoor  (A  3 5)  xveighs  329 ‘6  grains,  and  the  Rajah  of 
Borneo  1174 '4  grains.  Find  the  volume  of  each  diamond  in  ccm. 

2.  How  many  pencil-leads  2 mm.  sipiare  and  a decimetre  long 
can  be  cut  from  a kilo,  of  grajihite  (A  2‘25)? 

3.  The  specific  heat  of  graphite  is  0 198.  What  is  its  probable 
atomic  weight  ? 

4.  The  density  of  anthracite  is  about  1’6.  How  many  lb.s.  does 
a cubic  foot  weigh  '! 

5.  The  density  of  ordinary  coal  is  about  1‘3.  Find  the  mass  of  a 
cubic  yard  in  tons. 

6.  Ill  1881,  4427  million  cubic  feet  of  coal  were  raised  in  Great . 
Britain.  If  it  were  piled  into  a cube,  find  the  length  of  each  edge 
in  metres. 

Carbon  Monoxide  CO  = 28. 

7.  How  many  litres  of  carbon  dioxide  must  be  passed  over  red-hot 
charcoal  to  produce  84  gm.  of  carbon  monoxide  ? 

COj  -F  C = 2CO. 
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8.  10  1.  of  I'aiiioii  luoiioxiilu  at  ll'’  aiul  700  iimi.  aii;  ii'iiuireil. 
What  volume  of  iioniial  (airboii  dioxide  must  he  jiassisl  ou  t red-hot 
carhoii  and  wliat  mass  of  earhon  is  absorbed  '? 

CO.  + C = 200. 

1).  38  I.  of  carbon  monoxide  at  18’  0.  and  672  nun.  are  reiiuired 
How  much  dry  hydrogen  oxalate  must  bo  used  ? 

=11.0  + C0.J  + CO. 

10.  100  1.  of  carbon  monoxide  at  68°  F.  are  required.  How  much 
crystallized  hydrogen  oxalate  must  be  used  1 

CnH.,0,2H.p  = 3H.0  + CO._,  + CO. 

11.  4 gm.  of  pota.ssium  ferrocyanide  are  heated  with  hydrogen 
'sulphate.  What  volume  of  carbon  monoxide  at  13’ C.  and  770  mm. 
■is  evolved  ? 

K8Fe.C,.,X,.,6H„0  + 6H..0  + 12H..S04  = 4K..S04  + 2FeS04 
6(Nll4).,S04  ■+  12CO. 

12.  What  volume  is  occui)ied  by  100  gm.  of  (a)  carbon  monoxide 
I CO  O)  carbon  dioxide  CO.  ? 

13.  Find  the  mass  of  10  1.  of  carbon  monoxide  measured  at  39°  C. 
and  800  mm. 

14.  30  ccm.  of  carbon  monoxide  are  exploded  with  excess  of 
uoxygeii  anil  35  ccm.  of  gas  remain.  W’liat  volume  of  oxygen  was 
sddiled  ? 

2CO  + Oj  = 2CO.. 

15.  50  ccm.  of  a mixture  of  carbon  monoxide  and  hydrogen  are 
“.xploded  with  excess  of  oxygen.  30  ccm.  of  gas  remain,  of  which 
.'do  ccm.  are  absorbed  by  2)otassium  hydrate.  ^Vhat  was  the  volume 
■uf  the  carbon  monoxide  and  of  the  oxygen  1 

2CO  -1-  0.,  = 2CO.,. 

21L,  + Oj  = 2H.O. 

16.  Find  the  formula  of  a substance  containing  carbon  20  jier 
cent.,  oxygen  26'6  per  cent.,  and  suliihur  53’3  jier  cent. 


Carbon  Dioxini-:  CO.  = 44. 

17.  A diamond  weighing  7 gm.  is  burnt  in  oxygen.  'What 
'oluiue  of  carbon  dioxide  is  formed  1 
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18.  10  gill,  of  alcohol  are  Limit.  What  volume  of  eaiLoii 
ilioxiile  is  lonned  ? 

CoH„0  + 60  = 31 LO  + 200o. 

19.  10  gill,  of  lie.vaiie  are  Iniriit.  "What  volume  of  carbon 
dio.xide  is  lormed  ? 

Call, 4 + 190  = 7Il.p  + 6C0.. 

20.  10  lbs.  of  jiarafliii  candles  are  burnt.  What  mass  of  carbon 
dioxide  and  of  water  is  formed  ? 

CVoHj.,  + CIO  = 20COo  + 21II„0. 

21.  What  volume  of  carbon  dioxide  at  12°  C.  and  750  mm.  is 
jiroduced  on  dissolving  10  gm.  of  marble  in  hydrogen  chloride 

CaCOa  + 2HC1  = CaCU  + H„0  + COj. 

22.  How  much  chalk  must  be  dissolved  in  acid  to  give  5 1.  of 
carbon  dioxide  at  12°  C.  and  750  mm. 

CaCOj  + 2HC1  = CaClj  + H,0  +CO... 

23.  8 ’96  1.  of  carbon  dioxide  at  31°  C.  and  912  min.  are  required.. 
How  much  marble  must  be  u.sed  > 

CaCOa  + 2HC1  = CaCl,,  + H.O  + CO... 

24.  How  much  marble  must  be  dissolved  in  acid  to  give  20  1.  of 
carbon  dioxide  at  18°  C.  and  740  mm.  ? 

25.  How  many  ounces  of  sodium  and  hydrogen  carbonate  and  of 
hydrogen  tartrate  must  be  used  to  charge  a ga-sogen  lioldiiig  4 1. 
with  gas  under  a jiressure  of  4 atmo.  at  10°  C.  ? (1  vol.  water  at 
10°  C.  absorbs  1'1847  vol.  of  normal  carbon  dioxide.) 

HNaCOa  + CjHgOn  = C^HjNaOo  + H.,0  + CO.,. 

26.  What  volume  of  air  is  reijiiired  to  burn  a kilo,  of  carbon  ? 

('  + Oo  = CO.. 

27.  How  much  carbon  is  there  in  a litre  of  carbon  dioxide  ? 

28.  200  gm.  of  platinum  (sp.  lit.  0'032)  arc  cooled  in  solid 
carlion  dioxide  and  dropped  into  100  gm.  of  water  at  16°  C.  If  the 
temperature  of  the  water  fall  to  10°  C.  what  is  the  temperature  of 
the  carbon  dioxide  ? 

29.  Calcium  hydrate  is  soluble  in  730  times  its  mass  of  water. 
What  volume  of  carbon  dioxide  at  13°  C.  is  required  to  precijiitate 
the  calcium  from  3000  gm.  of  lime  water  '! 

CaH„0„  + CO.  = 11.0  + CaCOj. 

30.  What  is  the  percentage  composition  of  potassium  cyanide 
(KCN)? 
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Maksh  Gas  C'H^  = lO.  Ethene  G.JII4  = ‘28. 

Acetylene  Cjll.j  = 2U. 

31.  Find  the  mass  of  76  1.  of  mar.sli-gas  measured  at  31°  ('. 

32.  Find  tlio  mass  of  a litre  ol'  (a)  ethine  (.Lll.j  ()3)  ethene  (.LHj 

33.  15'2  1.  of  methane  at  17°  C.  and  87o  nun.  are  reciuired. 
Illow  inueh  dry  sodium  acetate  must  be  used  ? 

2NaC.dl30.,  + Ball.jO.j  = BaCOa  + Na._,C'03  + 2CTI4. 

34.  What  is  the  ma.ss  of  3‘73  1.  of  ethene  measured  at  100°  C.  ? 

35.  What  volume  of  ethene  at  16°  Ct  and  750  mm.  is  re(iuired  to 
-saturate  100  earn,  of  broiniuo  (A  3)  '! 

CUlj  + Br.,  = C.,ll4Br3. 

36.  25  ccm.  of  ethene  are  e.xploded  with  100  ccni.  of  o.\\vgen. 
iWhat  volume  of  earhoii  dioxide  is  formed,  ami  of  oxygen  i.s  left  ! 

CUl4  + 30o  = 21LO  + 2CO3. 

37.  374'166  ccin.  of  hydrogen  diffuse  through  a certain  apparatus 
idn  10  .seconds.  What  volume  of  ethene  will  dilfuse  under  the  same 
conditions  ? 

38.  What  volume  of  cyanogen  at  15°  C.  is  given  off  on  heating 
■13  gm.  of  mercuric  cyanide  ? 

llgOoN.,  = Hg  + C.,N.,. 


39.  100  gm.  of  crystallized  hydrogen  oxalate  are  heated  with 
'iliydrogen  suljdiate.  What  volume  of  carbon  monoxide  at  30°  C. 
iand  747  mm.  is  evolved  ? 

C.,H„042Ho0  = 31LO  + CO.3  + CO. 

40.  100  1.  of  carbon  monoxide  at  14°  C.  and  1000  mm.  are 
ireipiircd.  How  much  sodium  formate  must  be  heated  with  hydro- 
.;gen  sulphate  1 

NaCHOo  + H.-SOj  = NallSO^  + H.,0  + CO. 

41.  15'3  gm.  of  copper  arc  di.s.solvcd  in  hydrogen  nitrate.  What 
volume  of  nitric  oxide  at  15°  C.  and  765  mm.  is  evolved,  and  how 

iimany  ccm.  of  carbon  disulphide  (A  1‘25)  can  be  burnt  in  it  1 

3Cu  + 8HNO3  = 3Cu2NO,,  + 4H..0  + 2NO. 

CSj  + 6NO  = 6N  + CO.3  + 2SOo. 

42.  A bubble  of  marsh  gas  (CII4)  ascends  from  the  bottom  of  a 
I pool  3 m.  deep,  and  is  found  to  measure  20  ccm.  over  water  which 
• stood  at  170  mm.  in  the  tube.  If  the  temperature  was  14°  C.  and 
tthe  barometer  stood  at  750  mm.  find  the  radius  of  the  bubble  when 

at  the  bottom  of  the  pool  and  the  mass  of  the  marsh-gas. 


58  PERCENTAGE  COMPOSITION  AND  FORMULA,  [chap.  x. 


A POUR  Dp:nsitie.s. 

43.  F::;  ! Ihe  ma.-iii  of  295  ccni.  of  camplior  (CiqH,bO)  vapour  at 
210“  C. 

44.  A globe  the  volume  of  which  wa.s  810  ecin.  when  full  of  air 
at  14°  C.  weighed  11  !i  gin.  and  when  full  of  alcohol  vapour  at 
100°  C.  weighed  119 '2  gin.  Find  the  density  of  the  vapour. 

45.  A globe  the  capacity  of  which  was  178  ccm.  when  filled  witli 
air  at  15°  C.  weighed  23 '45  giu.  and  when  filled  with  the  vapour  of 
a hydrocarbon  at  110°  C.  weighed  23'72  gni.  Find  the  density  of 
the  vapour. 

46.  O'l  gm.  of  carbon  disulphide  gave  90  ceni.  of  vapour  at 
100°  C.  by  Hofmann’s  method.  The  barometer  (reduced)  stood  at 
767  mm.  and  the  mercury  in  the  tube  at  170  mm.  Find  the  density 
of  the  vapour. 

47.  0‘12  gm.  of  dibromamylene  gave  in  Meyer’s  third  method 
13’1  ccm.  of  air  at  17°  C.  and  758  mm.  Find  the  density  of  the 
vapour. 

48.  0'1105  gm.  of  phenyl-naphthalene  gave  13’2  ccm.  of  nitrogen 
at  17'5°C.  and  754‘1  mm.  in  Meyer’s  third  method.  Find  the 
density  of  the  vapour. 


i 

I 

Percentage  Compo.sition  and  Formula. 

Find  the  formula  of  a substance  containing  : — 

49.  Carbon  45,  hydrogen  7 '5,  and  oxygen  60  parts. 

50.  Carbon  26 ‘66,  oxygen  53 '33,  and  water  20  %. 

51.  Carbon  39 '56,  hydrogen  7 '69,  and  o.xygen  52 '75  %. 

52.  Carbon  74’07,  hydrogen  8'64,  and  nitrogen  17‘29  %. 

53.  Carbon  19’04,  hydrogen  4'76,  sulphur  25'4,  and  oxvgen 
50-8  %. 

54.  Carbon  53’16,  hydrogen  6'3,  and  oxj'gen  40'54  %. 

55.  Carbon  50'37,  hydrogen  6'33,  nitrogen  17'95,  and  oxvgen 
25-36  %. 

56.  Carbon  49 '485,  hydrogen  5 '1 55,  nitrogen  28 '866,  oxygen 
16-495  %. 

57.  Carbon  35'71,  hydrogen  2'38,  nitrogen  33-33,  and  oxygen 
28-58  %. 

58.  A substance  contains  carbon  68-67  %,  hydrogen  4 '95  %,  and 
oxygen  26 '38  %.  If  the  vapour  is  4-226  times  heavier  than  air,  i 
find  the  formula  of  the  substance. 

59.  0-25  gm.  of  an  organic  sub-stance  gave  0-8103  gm.  of  carbon 
dioxide  and  0-2655  gm.  water.  If  the  vapour  is  3'76  times  hoarder  , 
than  air,  find  the  formula  of  it. 
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00.  0-243  gm.  of  !i  .sutwtaiii  i!  coiitaiiiiiig  only  carlion,  hydrogen 
mid  oxygen  gave  0'0i)3  gin.  of  earlion  dioxide,  ami  O'10‘2  gin.  ol 
jater.  Kind  tlie  .simplest  forinnla  for  it. 

61.  0'38U7  gin.  of  an  organic  acid  gave  O'OriTo  gin.  of  carbon 
idoxido  aiul  0‘1098  gin.  of  water.  0 4287  gin.  of  the  silver  salt  lelt 
:’202  gin.  of  silver.  Find  tlie  formula  of  the  acid. 

62.  Mauveiiie  is  found  to  contain  carbon  73'55,  hydrogen  5’C7, 

iiid  nitrogen  12’73  %.  0 55  gm.  of  the  jdatinochloride  contains 

1088  gin.  of  platinum.  Find  the  formula  of  the  base. 

63.  4 '85  gin.  of  an  organic  substance  gave  6 '95  gni.  of  carbon 
idoxido  and  0'95  gm.  of  water.  5’40  gin.  of  it  gave  681  ecm.  of 
iiitrogen  at  13°  C.  and  775  mm.  Calculate  its  percentage  composi- 
Lon  and  formula. 

64.  0'4102  gm.  of  a liipiid  gave  when  burnt  with  lead  chromate 
.’•5119  gm.  of  carbon  dioxide  and  0'2286  gin.  of  water.  0‘3878  gm. 
"f  it  gave  0‘3975  gm.  of  silver  iodide  and  0’0148  gm.  of  silver 
jalculate  its  percentage  composition  and  formula. 

Find  the  molecular  weight  of  tbe  dissolved  substance  in  each  ol 
lae  following  cases  ; — 

65.  0’164  gm.  of  alcohol  (C.2H,jO)  dissolved  in  100  gm.  of  benzene 
vwered  the  freezing-iioint  0'175"  C. 

66.  1273  gm.  of  naphthalene  (CjoHj)  dissolved  in  100  gm.  of 
.enzene  lowered  the  freezing-jioint  4 "9°  C. 

67.  12 ’616  gm.  of  dextrose  (C’cHijO,,)  dissolved  in  92'25  gm.  of 
jater  lowered  the  freezing-jioint  1 '45°  C. 

68.  7 '49  gm.  of  gum  arabic  dissolved  in  100  gm.  of  water  lowered 
ne  freezing-point  0'03°  C. 

69.  7'034  gm.  of  camphor  (C)oH,gO)  dissolved  in  100  gm.  of 
ther  (CjHinO)  lowered  the  pressure  by  29  mm.  from  853'8  mm. 

70.  A bulb  containing  a solution  of  4'1  gm.  of  nitro-benzene  in 
'6  gm.  of  alcohol  (CoH^O)  lost  2 ’034  gm.  during  the  jia.ssage  of  a 
larrent  of  dry  air,  while  a bulb  containing  alcohol  lost  0'0684  gm. 

71.  1 ’065  gm.  of  iodine  dissolved  in  30’14  gm.  of  ether  raised 
. le  boiling-))oint  0'296°  C. 

72.  1‘4475  gm.  of  phosphorus  dissolved  in  54’65  gm.  of  carbon 
:isulphide  (CSo)  raised  the  boiling-point  0‘486°  C. 

73.  0'552  gm.  of  naphthalene  (C,Qllg)  dissolved  in  9 ’5  ccm.  of 
■hloroform  raised  the  boiling-point  1 '2°  C. 

74.  0 558  gm.  of  hydrogen  benzoate  (C7Hg0.j)  raised  the  boiling- 
I’Oint  of  20  8 ccm.  of  ether  0 66°  C. 

75.  1'169  gm.  of  urea  (CON2H4)  raised  the  boiling-point  of 
rater  1'24°  C.  ; the  volume  of  the  solution  was  8 1 ccm. 

76.  1'33  gm.  of  jiotassium  bromide  (KBr)  raised  the  boiling- 
uoint  of  water  0’88°  C.,  the  volume  of  the  solution  was  13'5  ccm. 
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CHAPTER  XI. 

C II  I,  o II I N K,  Cl  = 35 -f).  . 

1.  AVliat  volume  is  occupierl  bj'  177 '5  gm.  of  chlorine  (CL)?  | 

2.  How  much  manganese  dioxide  is  required  to  make  100  gm.j 

of  chlorine  from  hydrogen  chloride  ? 1 

MnOo  + 4HC1  :=  ]\InCl.,  + 2H..0  + CL. 

3.  What  volume  of  chlorine  can  bo  made  from  2078  gm.  of 
salt? 

2NaCl  + MnOa  + 2II2SO4  = 2H2O  + Na-^SOj  + IMnSO^  + Cl^. 

4.  How  much  salt  is  required  to  make  28  1.  of  chlorine  ? 

2NaCl  + M11O2  + 2II2SO4  = 2H2O  + Na.SO,  + M11SO4  + CL. 

5.  How  many  grams  of  manganese  dioxide  are  required  to  make 
40  1.  of  clilorine  at  37°  C.  ? 

MnOa  + 4HC1  = MiiClg  + 2II2O  + C^ 

6.  What  volume  of  aqueous  hj'drogen  chloride  (A  1 "2)  containing 
40'8  % by  mass  of  real  acid  is  required  to  make  3 1.  of  chlorine? 

M11O2  + 4HC1  = MnCL  + 2II2O  + CI2. 

7.  What  volume  of  hydrogen  is  required  to  unite  with  one 
gm.  of  chlorine  ? 

H + (.3  = HCl. 

8.  10  ecm.  of  chlorine  at  47°  C.  are  mixed  with  10  ccm.  of  hydro- 
gen under  800  mm.  and  placed  in  .sunlight  over  water.  What 
volume  at  100°  C.  of  which  gas  remains  uncombined  ? 

11  + Cl  = HCl. 


HyniiOGEN  CiiLoiUDE  HCl  = 36'5. 

9.  What  volume  of  hydrogen  chloride  can  be  obtained  from 
468  gm.  of  salt  ? 

2NaCl  + H..SO,  = Na.,S04  + 2HC1. 

10.  How  much  salt  is  required  to  make  1000  gm.  of  hydrogen 
chloride  ? 

2NaCl  + H2SO4  = Na2S04  + 2HC1. 

11.  How  much  salt  must  be  used  to  make  150  ccm.  of  hydrogeq 
chloride  ? 

2NaCl  + H..S04  = Na2S04  + 2HC1. 

12.  How  many  pounds  of  common  salt  are  required  to  make 
150  Ihs.  of  solution  of  hydrogen  chloride  containing  3r5  per  cent, 
of  real  acid  ? 

2NaCl  + H2SO4  = Xa.,S04  + 2HC1. 

13.  How  many  kilo,  of  salt  are  required  to  yield  100  kilo,  of  solu- 
tion of  hydrogen  chloride  containinir  20 '22  per  cent,  of  the  gas  ? 

2NaCl  -f  H2SO4  = Na.,S04  -b  2HC1. 

14.  Wliat  volume  is  occupied  by  78  gm.  of  hydrogen  chloride?' 
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115.  20  gni.  of  dilute  hydrogen  cliloridc  gave  4 ’53  gin.  of  silver 
Uoridc.  AVliat  is  the  percentage  of  real  acid  in  the  solution  ? 

HCl  + AgNOj  = HNO3  + AgCl. 

116.  How  many  kilograms  of  pyrolusite  contauiing  80  per  cent. 

1 manganese  dioxide  are  rerpiired  to  decompose  400  kilo  of  hydro- 
ai  chloride  containing  \ of  its  mass  of  real  acid  ? 

JlnO.,  + 4liCl  = MnCU  + 2H,0  + CD. 

117.  5 gm.  of  silver  chloride  are  lieated  in  hydrogen.  M’hat 
illume  of  hydrogen  chloride  is  formed  1 

AgCl  + 11  = llGl  + Ag. 

118.  575  gm.  of  silver  nitrate  are  mixed  with  an  equal  mass  of 
ilution  of  hydrogen  chloride  containing  10 ’22  per  cent,  of  real 
vid.  How  much  silver  (a)  jirecipitates  {$)  remains  in  solution  ? 

AgNOs  + HUl  = UNO;,  + AgCl. 

The  Oxygen  CoMrouxn.s  of  Chlouine. 

119.  What  volume  of  chlorine  at  13°  C.  is  required  to  decompose 
I gm.  of  mercuric  oxide  and  what  volume  of  chlorine  monoxide  at 
( C.  is  formed  ? 

2CL,  + HgO  = HgClo  + Cl.,0. 

220.  What  volume  of  chlorine  at  39°  C.  is  required  to  make 
.00  gm.  of  bleaching  jiowder? 

C'lo  + CalloO.,  = H„0  H-  CaCl.p. 

221.  How  many  litres  of  chlorine"  at  13°  C."  and  720  mm.  arc 
iquircd  to  make  3810  gm.  of  hleaching  jiowdcr? 

CI.3  + CalUO.j  = 11,^0  + CaClaO. 

222.  Find  the  jiercentago  eonqiosition  of  hlea“ching  powder  if  its 
rmula  he  (c-.)  CaOX'l.,  (0)  CaOCh.  (7)  Ca30„Cl4H„. 

:23.  The  density  of  chlorine  trioxide  is  found  to  ho  39  7,  and  that 
ithe  tetroxide  33 '8.  What  might  these  nundiers  he  cxiiected 
' he  1 

.24.  What  volume  of  oxygen  and  mass  of  iiotassium  perchlorate 
formed  on  gently  heating  24.5  gm.  of  iiotassium  chlorate  '1 
2KC10:,  = KCl  + KCIO4  + 0.,. 

:25.  How  much  ]iotassium  chlorate  is  required  to  make  36 '48  1.  of 
lygcii  at  15°  C.  ami  7.50  mm. 

2KC10:,  = 2KC1  + 30... 

.26.  0-9915  gm.  of  iiota.ssium  perchlorate  lost  0'457  gm.  on  heat- 
:g,  and  the  residue  required  0'76S3  gm.  of  silver  to  precipitate  it. 
1165  gm.  of  the  salt  gave  0'201  gm.  of  potassium  sulphate.  Find 
?.  |■ormnla  of  the  salt. 


:27.  What  volume  of  chlorine  at  12°  C.  and  750  mm.  can  he 
taineil  from  1170  gm.  ol  salt  ? 

'NaCl  -f  MnOo  -f  2H..S04  = 211,, 0 -f  Na^SO,  + MnSO,  -f  Cl,. 
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28.  lOgni.  of  j)ota.ssiuin  diuliroinate  arc  heated  with  hydrogen 
chloride.  What  volume  of  chloriuo  at  30“  C.  and  740  mm.  is 
given  off? 

KoCi-jOj  4-  14HC1  = 7H„0  + 2KC1  + CrX’l«  + SClj. 

20.  “Wliat  volume  of  chlorine  will  diffuse  under  the  same  condi- 
tions at  10  ccm.  of  nitrogen  ? 

30.  What  volume  of  chlorine  at  20“  C.  is  required  to  convert 
10  gm.  of  copper  leaf  into  cupric  chloride  ? 

Cii  -i-  CL  = CuCl.,. 

31.  8'.5  ccm.  of  a saturated  solution  of  hydrogen  chloride  (con- 
taining 500  times  its  volume  of  the  normal  gas)  is  warmed  with 
twice  its  volume  of  hydrogen  sulphate.  What  volume  of  hydrogen 
chloride  at  20°  C.  and  780  mm.  is  evolved  ? 

32.  A gram  of  silver  o.xide  is  thrown  into  hydrogen  hypochlorite.  | 
What  volume  of  oxygen  at  21“  C and  770  mm.  is  evolved  ? 

AgX  -I-  2HC10  1=  2AgCl  -t-  ILO  + 0.,. 

33.  A solution  of  10  gm.  of  bleaching  powder  is  run  into  warmj 
hydrogen  chloride.  What  volume  of  chlorine  at  13“  C.  is  given 
off? 

CaOCL  + 2HC1  = CaCL  -t-  ILO  + CL. 

34.  A gram  of  bleaching  powder  when  boiled  with  cupric  oxide 
gave  80  ccm.  of  oxygen  at  7“  C.  and  800  mm.  Find  the  percentage 
of  real  bleaching  powder  in  the  sample. 

CaOClj  = CaCL  -1-  0. 

35.  1 '205  gm.  of  bleaching  powder  boiled  with  cupric  oxide  gave 
58’5  ccm.  of  oxygen  measured  over  water  at  13'5“  C.  The  baro-i 
meter  stood  at  766  mm.  and  the  water  in  the  tube  at  340  mm.  Find 
the  jiercentage  of  bleaching  powder  in  the  sauijjle. 

CaOCL  — CaCL  -b  0. 

36.  A solution  of  '8  gm.  of  ammonio-ferrous  sulphate  required 
20  ccm.  of  a solution  (containing  '01  gm.  of  bleachin"  powder  in 
1 ccm.)  to  oxidize  it.  Find  the  percentage  of  read  bleaching 
powder  in  the  sample. 

2(NH4)„Fc2S046H„0  -f  CaOCl.,  -b  HXO4  = CaCl.,  -b  131LO  -b 
‘2(NH4)2S04'  -b  Fe..3S04. 

37.  What  is  the  mass  of  a litre  of  chloroform  (CHCI3)  vapour 
inc.’isurcd  at  200“  C.  ? 

38.  Find  the  ma.ss  of  l'6l.  of  carbonyl  chloride  (COClj)  mea- 
sured at  26“  C.  and  730  mm. 


3HAr.  .\u.] 
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39.  ;)0  coni,  ot  chloroform  (a  1‘5)  are  run  into  a hot  mixture  of 
notassium  dichromatc  and  hydrogen  sulphate.  What  volume  of 
larbonyl  chloride  at  10°  C.  and  730  mm.  is  evolved  ? 

2CHC1;,  + 30  = lijO  + Cl._.  + 2COC4 

40.  10  1.  ol  chlorine  at  15°  C.  are  passed  into  a warm  mixture  o( 
;arbon  disulphide  and  antiinonic  chloride.  How  much  carbon 
.etrachloride  is  formed  ? 

4C'1„  + CS„  = 2SC1.,  + CCl,. 


CHAPTER  XII. 

I)  n o .M  I X E Hr  = SO. 

\roRrT'"u?  F>'  of  magnesium  bromide 

Tomine(A^)T^  weight  of  it  is  required  to  obtain  a litre  of 

r1irom7LT’‘"^‘  potassium  bromide  is  re.iuire.l  to  prepare  10  gm. 

2KBr  + MnO„  + 2IRSO,  ^ 2IRO  + luSO,  s-  MnSO,  + Hr.,. 

3.  How  many  ccm.  does  a pound  of  bromine  (a  3)  occuiiy  « 
itlOH^O).  “ composition  of  bromine  hydrate 

5.  100  gin.  of  water  dis.solve  3 gm.  of  bromine.  If  Hie  .solution 

set7S  ‘ <-'• 

Hr..  + 1I..0  = 2HHr  + 0. 

losninte''  Wlvlff'i*"™  "if’* 

evolved'?  " l‘y‘l‘'ogeu  bromide  at  26U'. 

KlJr  + HPO3  KPO3  + UBr. 

7.  70  gill,  ol  broiniiie  aro  dis-solved  in  water  r 

•»  »■>■««  .i»: 

Hr,  + 1 4s  = S + 2HHr. 

“ 

P + 3Hr  + 3HjO  = II3PO3  + 311  Hr. 
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9.  10  gill,  ol'  iihosphorus  tribromide  are  decomposed  by  water, 
and  .silver  nitrate  is  added.  How  much  silver  bromide  precipitates  ? 

PBi-a  + 3H.p  + SAgNOs  = HjrOj  + 3HNO;,  + 3AgBr. 

10.  How  many  grams  of  bromine  are  there  in  a litre  of  ga.seous 
hydrogen  bromide  (H  Br). 

11.  Find  the  mass  of  127  ccm.  of  gaseous  hydrogen  bromide. 

12.  Hydrogen  bromide  is  2'8  times  heavier  than  air.  What  is 
its  molecular  weight  ? 

13.  The  strongest  solution  of  hydrogen  bromide  (HBr  A I'oly) 
contains  half  its  mass  of  real  acid.  How  much  bromine  is  there  in 
a litre  of  the  solution  ? 

14.  De  JIarignac  found  that  3-946  gm.  oj  silver  dissolved  in 
hydrogen  nitrate  were  jirecipitated  by  4 '353  gm.  of  potassium 
bromide.  What  is  the  atomic  weight  of  bromine  ? 

AgN03  + KBr  = KNO3  + AgBr. 

1.5.  (,'alculato  the  iierccntage  composition  of  silver  bromide  AgBr. 

16.  How  much  pota.ssium  (a)  bromide  {&)  broniate  is  lorined  011 
adding  520  gm.  of  bromine  to  a .solution  of  potassium  hydrate  ? 

6Br  + 6HKO  = 3II..0  + 5KBr  + KB1O3. 

17.  10  gm.  of  ]iotassium  broniate  are  heated.  What  volume  of 
oxygen  at  13°  C.  is  given  oil  ? 

KBr03=  KBr  + O3. 

18.  A spherical  glass  bulb  is  to  contain  10  gm.  of  bromine  (A  3). 
What  must  the  internal  radius  be  ? 


ni  AFTER  XIII. 

I0111XE,  I = 127. 

1 I low  much  ferric  chloride  is  required  to  obtain  the  iodine  Iroiii 
100  tonnes  of  kelp,  each  tonne  of  which  contains  4 ’07  kilo,  of 

iodine  1 ^ , 

2Nal  + Fe.,Cl,,  = 2Na('l  + 2l'cCl..  + R. 

‘>  How  much  “iiiaiigaiie.se”  containing  60  ]icr  cent,  of  rc.alj 
ilioxidc.  is  required  to  liberate  the.  iodine  from  100  gm.  ol  ].ot;ussiuin' 
iodide  ? 

2K1  + >lnO„  + 2IRSO4  = 21LO  + IRSOj  +M11SO4  + Ij- 


CHA1-.  XIII.] 
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3.  How  much  potassium  iodide  is  required  to  prepare  63 '5  mn 

3f  iodine  ? i r-  i t,  ■ 

2KI  + MnOj  + 2H„SO^  = 2H._,0  + K0SO4  + MnSO^  + I,. 

4.  How  much  iodine  is  liberated  from  pota.ssium  iodide  by  the 
mlonne  evolved  on  boiling  6 gm.  of  manganese  dioxide  with 
lydrogen  chloride? 

MnO,  + 4HC1  = 2HoO  + MnCL  + CU. 

2KI  + CU  = 2KC1  + L. 

5.  0-1  gm.  of  potassium  dichromate  is  distilled  with  hydroiren 
ihlonde.  How  much  iodine  will  the  evolved  chlorine  set  free  from 
)otassium  iodide  ? 

KjCr^O^  + 14HC1  = 7H„0  + 2KC1  + Cr„CL  + 3C1, 

6KI  + 3CU  = 6KC1  + 31,. 

6.  Iodine  vapour  is  8 -/1 6 times  as  heavy  as  air.  Find  its 
aolecular  weight. 

/•  solid  iodine  (A  4 '94)  heavier  than  an  equal 

olume  of  its  vapour  measured  at  350'“  C.  ? ^ 

8.  3-81  gm.  of  iodine  vapour  mixed  with  hydrogen  are  passed 

imied  ? ''  volume  of  hydrogen  iodide  is 

II  + I = HI. 

sulphide  must  be  passed  into  how 

Sirirh^SgSiiKif,  *“  “ I-"' 

H._,S  + I;  =r  S + 2HI. 

10.  20  gm  iodine  are  suspended  in  water.  What  volume  of 

^ s;l£f  “ ’» 

HjS  + L = s + 2HI. 

I usW^^mTe  loY^nT’  ••‘"'I  potassium  iodide  must 

used  to  make  10  1.  of  ga.scous  hydrogen  iodide  at  15°  C.  ? 

IOI2  + 4P  + 8KI  + 16HjO  = IKoHPOj  + 28HI. 

l/Lfoxide^"  f of  iodine  (a)  pentoxide  I,0„ 

l^eptoxide  1,0,,  and  of  hydrogen  (y)  lodate  HIO3,  (5)  periodate 


F 
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15.  119  irm.  of  iodine  are  suspended  in  water.  What  volume  of 

chlorine  is  required  to  convert  them  into  hydrogen  iodate  1 ^ 

I + 5C1  + 3H.p  = 5HC1  + IIIO3.  I 

16.  How  much  iodine  and  potassium  chlorate  are  required  to  make  | 
a kilo,  of  hydrogen  iodate  ? 

IOKCIO3  + 121  + eiljO  = lOKCl  + 12111O3. 

17.  14  gm.  of  potassium  iodate  arc  heated.  What  volume  of 
oxi'gen  at  13°  C-.  is  evolved  '! 

KIO3  KI  + O3. 

18.  8 gm.  of  silver  iodate  are  heated.  What  volume  ot  oxygen 
at  18°  (-'."and  720  mm.  is  evolved  ? 


AglOj  = Agl  + O3. 


19.  How  much  phosphorus  and  iodine  must  he  used  to  make 
100  1.  of  hydrogen  iodide  at  30°  C.  and  /40  mm  ? 

P + 31  + 3H.,0  - H3PO3  + 3H1. 


20.  How  much  iodine  must  he  thrown  into  a balloon  containing 
5 1.  of  chlorine  at  20°  C.  and  780  mm.  to  obtain  the  monochlonde  ? 


1 + Cl  = ICl. 


21.  Find  the  percentage  composition  of  iodofonn  (CHfs)- 
22  A mixture  of  silver  chloride,  bromide,  and  iodide  weighed 
15-57  gm  After  heating  with  bromine  water  the  silver  chloride) 
weithwl  14-69  gm.  And  after  heating  with  chlorine  water  t)ie  silver 
chloride  weighed  12-2  gm.  How  much  chlorine,  bromine,  and 
iodine  were  present  in  the  mixture  ? 


CHAPTER  XIV. 
Fluorine,  F = 19. 


1 What  is  the  percentage  composition  of  (a)  fluorspar  CaF;  ^ 

.r.  h»W  with  hydros™  .r.lph.t.,  H.h 
much  calcium  sulphate  and  hydrogen  fluonde  is  formed  ? 

CaF,  + H,S04  = CaSO^  + 2HF. 


CHAP.  XIV.] 
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3.  How  much  platinum  tetralluoride  mu.st  be  heated  to  give  100 
3em.  of  fluorine  at  10°  0.  ? 

PtF^  = Pt  + 2Fo. 

4.  What  volume  of  hydrogen  fluoride  at  39°  C.  can  be  obtained 
rom  50  gm.  of  .sodium  ihiorido  ? 

2NaF  + ILSOj  = NajSO^  + 2HF. 

5.  What  volume  of  hydrogen  lluoride  at  20°  C.  can  be  ol)tained 
rom  20  gm.  of  cryolite  ? 

NapALF,.,  + eiLSOj  = 3NaoSO.,  + AUSO^  + 12HF. 

6.  What  volume  of  anh3ulroiis  liydrogen  lluoride  (a  0-9879)  . an 
e obtained  Iroin  a kilo,  of  pnta.ssium  and  hydrogen  lluoride  ? 

HKF„  = KF  + HF. 

7.  150  ccm.  of  hydrogen  fluoride  arc  pa.ssed  over  heated  sodium 
low  mucli  sodium  fluoride  is  formed  ? 

IIF  Na  = NaF  i If. 

8.  3-2617  gm.  of  calcium  fluoride  gave  5-6867  gm  of  ealei-mn 
ilphate.  What  i.s  the  atomic  weight  of  tliioiine  ? 

CaF,  + HoSOj  = CaS04  + 2HF. 

9.  How  much  silica  and  hydrogen  fluosilicate  are  i.ro.luccd  hv 
Ksiiig  the  ga.s  evolved  on  heating  468  gm.  of  fluorspar  wth  .sand 
id  hydiogeii  sulphate  into  water  ? 

2CaF.j  + SiOj  + 2H..S04  = 2CaSO,  + 211  0 + .SiF 

3SiF,  + 2H,0==Si0,  + 2H.,Sii^. 

10.  M hat  volume  of  silicon  fluoride  at  15°  P io  i 

v"’’  " 't''  liydrogen’  sulphate  ? ' 

2CaFo  + SiO„  + 2HoSO^  = 2CaS04  + 2H„0  + S1F4. 

.”740  mn/'^*  '■  (H^F,)  at  30°  C. 


lume  of  gas  (H„F„)  at  5>n°  r .>n,l  -tm  ■ ”•'^*”6'-“  ‘’“U" 

18  A 1-  ‘»id  / 50  mm.  IS  evolved  t 

drciirnsr  <>""•  ‘t-Sii-j  of 

14.  find  the  percentage  composition  of  carbon  tetrafluoride  CF  . 

F 2 ^ 
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CHAPTER  XV. 


StTLl’HUR,  S = 32. 


1.  Find  the  percentage  composition  of  (o)  galena  I’bS,  (^)  zinc 
blende  ZnS. 

2.  Find  the  fonnulaj  of  .sub.stances  containing  (a)  copper  34’o  ])erf 
cent.,  iron  30 ’5  per  cent.,  and  sulphur  35  per  cent.,  (/3)  calcium 
29-4  per  cent.,  sulphur  23 '6  per  cent.,  and  oxygen  47  per  cent. 

3.  What  volume  is  occupied  by  1000  gin.  of  (a)  common  sulphur 
(A  2-05)  and  (;3)  plastic  sulphur  (A  r957)  ? 

4.  How  much  does  a stick  of  brimstone  (A  2)  1 m.  long  and  4 cin.j 

in  diameter  weigh  ? „ , , ,a  \ 

5.  What  volume  is  occupied  liy  100  gm.  of  sulphur  vapour  (Sj) 


at  400°  C.  ? , , 

6.  By  heating  10,000  grains  of  silver  in  sulidiur  vapour,  JJumaa 
obtained  11481  ‘5  grains  of  silver  sulphide.  Find  the  atomic  weight 
of  sulphur. 

A",  + S = Ag.,S. 


7.  What  volume  of  air  is  rc(|uired  to  burn  1000  gm.  of  sulphur? 

S + O2  = SO„. 

8.  How  many  grams  of  sulphur  can^  be  burnt  in  a globe  5 
decimetres  across  filled  with  oxygen  at  17  C.  ? 

S + Oo  = SOo. 


StTLVHVR  Dioxide,  SO,  = 64. 


9.  20  gm.  of  sulphur  are  burnt  in  oxygen.  What  volume  ol 
sulphur  dioxide  is  formed  ? 

S + O5  = SO5. 


10.  How  much  sulphur  must  be  burnt  to  make  10  1.  of  sulphui 

dioxide  ? ^ 

S -I  0,  = SO,. 


11.  How  much  copper  and  hydrogen  sulphate  are  required  t( 
make  1000  gm.  of  sulphur  dioxide? 

Cii  + 2H,S04  = CiiSOi  + 211,0  + SO,. 


■HAI>.  XV.]  HYDROGEN  SULPHATE.  «y 

'Oluine  of  sulphur  dioxide  is  obtained  ou  lieatiiii/ 
0 giu.  of  luereury  witli  liydrogen  sulphate  ? ” 

Hg  + 2ILSO4  = HgSOj  -I-  ‘Jll.,0  4 SO.,. 

ioHde^  r "''“‘t  volu.ue  of  sulphur 

loxide  .-It  M 0.  and  /SO  iniii.  is  foniiod  ? ^ 

S + 0.,  = SO,. 

11.  1\  Jiat  volume  ot  suhihur  ilioxide  at ‘’0°  f ,>■  1 ~(n 
dained  by  the  action  of  2o'g,n.  of  i;ydrogeV°ulJhat:‘;; p'f 

Ou  + 2H„S04  ^ OuSO^  + 2H,0  + SO,, 
aim  10l^l3i,h7ir',M^^^  “ulphatc  to 

Ou  + 2H,S0,  = C11SO4  + 2H,0  + SOj. 

U.  Saf  7o\ZVTnT^  ? 

Ogm.  of  potassium  hydSti'?'  ' neutralize 

2HK0  + SO,  = H„0  + KjSOj. 

:asured  at  39H\  and  720  mufT*^  s'>lpluir  dioxide 

iojlShp).  ''O'nposition  of  .sodium'° tLosulphate 

-iSe;'a::J  ::c\^./^£;::t:if^r;„2  r‘"'" 

2Na,S., 03.511,0  + 1,  = 2NaI  + l„H„o  + Na^S.O^. 


lIVnilOOEN-  SuLl'lI.VTE,  ILSO^ 


98. 


iuljdnii'l'''^^^  ’•*®  "‘•'iJe  from  102' 1 gm. 

S -f-  30  + 11,0  = H..SO,. 

3US  .lisuljhide  (Sllyrites)  from  a ton  of 

2FcS.  m 4ir„o  + 150  ^ Fe,03  f 4H,SO,. 
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25.  How  iiiuiiy  cwt.  of  sulijhur  are  required  to  make  a ton  of 
brown  oil  of  vitriol  containing  70  per  cent,  of  real  acid  ? 

S + ILO  + 30  HjSO,. 

20.  What  volume  of  hydrogen  sulphate  (A  l‘S4)  can  be  obtained 
from  1000  kilo,  of  iron  pyrite.s  1 

2FeSo  + 4H„0  + 150  = FcoO^  + 41USO<. 

27.  How  much  oil  of  vitriol  containing  70  per  cent,  of  real  acid 
can  be  made  from  250  kilo,  of  pyrites  containing  42  ))cr  cent,  of 
suliihur  ? 

S + 30  + HjO  = H5SO4. 

28.  How  many  ton.s  of  ]>yrites  containing  42  per  cent,  of  sulphur 
are  required  to  make  200  toms  of  oil  of  vitriol  containing  70  per  cent, 
of  real  acid  * 

S + 30  + H.,0  = H..SO.,. 

29.  How  many  giaims  doe.s  a cubic  inch  of  hydrogen  sulphate 
(A  1'84)  weigh  ? 

30.  liow  much  sulphur  is  there  in  a litre  of  hydrogen  sulphate 

(A  1-84)?  , 

31.  How  many  kilo,  of  hydrogen  .sulphate  (A  1'84)  will  a tank 
1 m.  by  2 m.  by  3 m.  hold  ? 

32.  A tank  of  hydrogen  sulphate  (A  l'S4)  is  10  ft.  long  and  5 ft. 
wide  and  deep.  How  many  tonnes  of  aciil  will  it  hold  ? 

33.  Find  the  percentage  composition  of  chamber  crystals; 
SO,NO.,HO. 

34.  A body  contains  hydrogen  1‘12  per  cent.,  sulphur  35 '9  per 
cent.,  and  o.xygen  62‘98  per  cent.  Find  the  fonnula  and  name  of  it. 

35.  The  vapour  of  hydrogen  sulphate  is  1 '697  times  as  heavy  as 
air.  What  is  its  apparent  molecular  weight  ? 

36.  The  vapour  of  10  gm.  of  hydrogen  sulphate  occupies  what 

volume  at  400°  ('.  ? . . , 

37.  Suli)hur  trioxide  is  passed  over  187  gm.  of  barium  oxide 
heated  in  a tube.  How  much  barium  sulphate  is  formed  1 

SO3  + llaO  = BaSO^. 

38.  5 ccin.  of  dilute  hydrogen  sulphate  are  neutralized  by 
18'8  ccm.  of  a solution  of  sodium  carbonate  containing  106  gm.  of 
the  dry  salt  jicr  litre.  What  volume  of  hydrogen  sulphate  (A  1 '84) 
is  there  in  a litre  of  the  dilute  acid  ? 

Na^COj  -i-  IUSO4  = Na^SO,  + H„0  + CO„. 

39.  How  much  colcothar  and  Nordhausen  acid  can  be  made  from 
348  tons  of  green  vitriol  ? 

6FeS0^7IL0  + 30  = 391 LO  + SFcoO,  + 3H,S.O-. 
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40.  4 1.  ol  .siilpliur  dioxide  at  13“  C.  mixed  with  oxygen  are 
pa^isetl  over  a lieated  mixture  of  eiiprie  and  eliromie  oxide.s.  How 
much  suljduir  trioxidc  i.s  Ibriued  ? 

sOo  “|-  0 = 1^03. 

41.  If  100  grii.  of  lead  form  146’45  gm.  of  lead  suljdiatc,  what  is 
the  molecular  weight  of  hydrogen  .suliihate  ? 

PI>2X03  + HoSO^  =-  2HNO3  + PbSOj. 

42.  10  g7Ti.  ot  hydrogen  sulphate  are  heated  with  phosphorus 
pentachloride.  AVhat  volume  will  the  sulphuryl  dichloride  oceunv 
at  350“  C.  ? 

H3SO3  + 2PCI5  = 2POCl,+  2HC1  + SO3CL. 


Hyi)uoc:en  Sulphide,  H^S  - 34. 

43.  20  gm.  of  sulphur  are  heated  in  hydrogen.  What  volume  of 
lyilrogen  sulphide  at  30“  C.  i.s  formed  ? 

IL  + S = IDS. 

44.  What  volume  of  hydrogen  suliihide  i.s  evolved  on  di.s.solving 
10  gm.  of  ferrous  sulphide  in  hydrogen  chloride  ? 

FeS  + 2HC1  = FeClj  + H^S. 

45.  How  much  ferrous  sulidiide  must  he  dissolved  in  acid  to  make 
.00  1.  of  hydrogen  sulphide? 

FeS  + 2HC1  = FeClj  + 1I..S. 

46.  AVhat  volume  of  hydrogen  sulphide  at  15“  C.  and  770  mm.  is 
volved  on  di.ssolving  44  gm.  of  ferrous  sulphide  in  acid  ? 

FeS  + H3SO3  = FeSO^  + H„S. 

47.  100  gm.  of  sulphur  are  heated  with  tallow.  What  volume 
if  hydrogen  sulphide  at  17“  (.'.  and  800  mm.  is  evolved  ? 

S + 11,,  = H.,S. 

48.  390  gm.  of  antimony  sulphide  are  dis.solvcd  in  hot  hydrogen 
hloride.  What  volume  of  hydrogen  sulphide  at  30“  C.  is  given  off  ? 

SbjSa  + 6HC1  = 2SbCl3  + SHjS. 

49.  Wh.at  volume  of  hydrogen  .sulidiide  at  15“  C.  is  evolved  on 
liasolviug  134  gm.  of  .antimony  sulphide  in  hot  hydrogen  chloride  1 

511383  + 61iri  = 2SbCl3  + 3H.„'t. 
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50.  What  is  the  density  of  hydrogen  sulphide  referred  to  air  ? 

51 . How  many  grams  of  sulphur  are  there  in  600  ccm.  of  hydrogen 

sulphide  ? ] 

52.  "What  volume  of  air  is  recpiired  to  burn  1 1.  of  hydrogen  . 
.sulpiride  ? 

HjS  + 30  = H„0  + SO2. 

53.  What  volume  of  hydrogen  sulphide  will  difTiise  under  the 
same  conditions  as  10  ccm.  of  oxygen  ? 

54.  2 1.  of  hydrogen  sulphide  and  1 1.  of  sulphur  dio.xide,  both 

at  0°  C.  are  passed  through  a red-hot  tube.  What  volumes  of 
.sulphur  and  steam  at  1000°  C.  are  formed?  I 

2H.,S  -1-  SO,  = 2H„0  -I-  3S.  j 

55.  A gram  of  calcium  sulphate  is  strongly  heated  with  charcoal,  • 

and  the  resulting  sulphide  is  dissolved  in  acid.  What  volume  of  , 
hydrogen  sulphide  at  13°  C.  is  evolved  ? ] 

CaS04  + 4C  = 4CO  -f  CaS.  j 

CaS  -t-  2HC1  = CaClj  -t-  H„S.  1 

56.  How  much  (a)  lead  sulphide,  (j3)  mercury  sulphide  can  be  i 

thrown  down  by  500  ccm.  of  hydrogen  sulphide  at  14°  C.  ? [ 

[HgPb]2N03  -h  H„S  = 2HNO3  -f  [HgPb]S.  ^ 

Carbon  Disui.phide,  CSj  = 76. 

57.  Wliat  volume  of  carbon  disulphide  (A  1'27)  can  be  made  by 
the  action  of  a kilo,  of  sulphur  upon  hot  charcoal  ? 

C + S„=  CS„. 

58.  What  volume  of  nitric  oxide  is  required  to  burn  2 ccm.  of 
carbon  disulphide  (A  1’27)  ? 

CS,  -f  6NO  = 6N  -f  CO,  -f  2SOj. 

59.  1 ccm.  of  carbon  disulphide  (A  1'27)  is  heated.  What  does  ^ 
the  vapour  measure  at  350°  C.  and  600  mm.  ? 

60.  10  ccm.  of  carbon  di.sulphide  (A  1'27)  are  burnt  in  oxygen. 
What  volumes  of  carbon  dioxide  and  of  sulphur  dioxide  at  17  C. 
and  800  mm.  are  formed  ? 

CS,  -f  60  = CO,  + 2SO,. 

61.  The  vapour  of  carbon  disulphide  is  passed  over  20  of 
chromic  oxide  heated  with  charcoal.  How  much  chromic  sulphide 
is  formed  ? 

2Cr30j  -f  3CS3  4-  3C  = 6CO  + 2Cr,S3. 
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62.  What  volume  of  chlorine  at  15“  C.  and  720  mm.  must  be 
passed  into  excess  of  melted  sulphur  to  make  245  gm.  of  sulphur 
chloride  ? 


CL,  + S„  = S./'l.,. 


63.  What  is  the  ma.ss  of  4 1.  of  carbon  oxysulphide  (COS)  at 
30“  C.  ? 

64.  100  gm.  of  mercury  are  heated  witli  hydrogen  sulphate. 
What  volume  of  sulphur  dioxide  at  30“  C.  and  800  mm.  is  evolved  ? 

Hg  + 2IRSO^  = HgSOj  + 2II.0  + SOo. 

65.  To  make  1000  kilo,  of  hydrogen  sulphate,  how  much  pyrites, 
what  volume  of  air  at  15“  C.,  and  of  steam  at  300“  C.  is  required  ? 

2FeS2  + 411„0  -t-  150  = FcoOg  + IH.^SO^. 

66.  A cubic  decimetre  of  ferrous  sulphide  (A  4 ’4)  is  dissolved  in 
dilute  acid.  What  volume  of  hydrogen  sulphide  at  17“  C.  and 
770  mm.  is  evolved  ? 

FeS  + 2HC1  = FeCL  + H^S. 

67.  What  volume  of  carbon  disulplude  (Al‘27)  must  be  burnt 
to  give  10  1.  of  sulphur  dioxide  at  15*  C.  and  750  mm.  i 

CS.,  + 30j  = COo  + 2SOj. 

68.  A room  5 m.  by  4 in.  by  5 m.,  the  air  of  which  contains 
20  per  cent,  by  volume  of  available  oxygen,  is  to  be  disinfected. 
Wliat  volume  of  carbon  disulphide  (A  1’27)  can  be  burnt  in  it  ? 

CSo  + 30.,  = CO.,  + 2SO.W 


CHAPTER  XVI. 

Bokon,  B = 11. 

1.  Find  the  percentage  composition  of  borax  (Na^B^OylOHoO). 

2.  Find  the  percentage  composition  of  boron  amt  nitrvl  chloride 

(BNOCTj). 

3.  Find  the  formula;  of  substances  containing  (a)  boron  31 '19 
and  oxygen  68 '81  per  cent.,  (/3)  silicon  47  and  oxygen  53  per 
cent. 
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4.  Boron  trioliloritle  is  4'07  liiiios  as  lieavy  xs  air.  What  is  its 
molecular  weight  ? 

5.  Mow  many  grams  do  200  ccin.  of  boron  trichloride  (BC'L)  .at 
97  f^  and  720  mm.  weigh  ? 

''“'""'e  of  boron  trichloride  at  210°C.  can  he  made  from 
390  of  boron  trioxide  ? 


P.,03  + 6CI  + 3C  = 300  + 2I5CI3. 

I.  A\  hat  volume  of  nitrogen  at  15°  C.  is  absorbed  in  convertin'' 
4 -4  gin.  of  boron  into  the  nitride  ? 


R + N = RN. 

8.  7 gm.  of  boron  nitride  arc  heated  in  a current  of  .steam.  What 
volume  of  ammonia  at  13°  C.  is  given  off? 

2RN  + 3H0O  = B3O3  + 2NH3. 

9.  10  gm.  of  boron  sulphide  are  heated  in  steam.  What  volume 
of  hydrogen  sulphide  at  21°  C.  is  formed  ? 

R..S3  + 3II,,0  = B.,03  + 3II„S. 

10.  Cry.stallizcd  hydrogen  borate  when  heated  to  100°  C.  loses 
21-8  per  cent,  of  water,  and  when  heated  to  160°  C.  it  lo.ses  14  5 per 
cent.  more.  Find  the  formula;  of  the  bodies  formed. 

(Bo03)„(H„0)3,.  = (Ro03)„(II.,0)3,...  + (II3O).. 

11.  90  gm.  of  fluorsiiar  are  heated  with  boron  trioxide  and 
hydrogen  sulph.ate.  What  volume  of  boron  trifluoridc  at  15°  C.  is 
formed  ? 

3CaF„  + B3O3  + 3ILSO4  = 3CaS04  + 31h,0  + 2BFj. 


12.  How  much  does  a litre  of  boron  trifluoride  (RF3)  measured  at 
50°  C.  and  1000  mm.  weigh  ? 

13.  What  volume  of  ga.seous  ammonia  at  10°  C.  is  required  to 
convert  10  gm.  of  boron  into  the  nitride  ? 

2B  + 2HH3  = 3H3  + 2BX. 

14.  Find  the  formula  of  a .substance  containing  nitrogen  14 '68, 
hydrogen  3'15,  boron  7'69,  and  chlorine  74'47  per  cent. 
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CHAPTER  XVII. 

Silicon,  Si  = 28 ’4. 

1.  How  much  .silicon  can  he  obtained  fioin  119  gin.  of  potas.sium 
silicofluoride  ? 

K^SiEd  + 4K  t)KF  + Si. 

2.  Find  the  percentage  composition  of  barium  .silicofluoride 
(BaSiFd). 

3.  What  is  the  percentage  compo.sition  of  Willemito  (ZiioSiO^)  ? 

4.  Two  litre.s  of  the  vapour  of  .silicon  chloride  at  117^’  C.  are 
passed  over  heated  sodium.  How  much  .silicon  is  set  free  ? 

SiCU  + 4Na  = 4NaCl  + Si. 

5.  According  to  Schiel  0'6738  gin.  of  silicon  tetrachloride,  after 
decomposition  by  ammonia,  gave  2’277  gin.  of  silver  chloride.  Find 
the  atomic  weight  of  silicon. 

2H.0  + 4NH3  + SiClj  + 4AgNOa  = 4NH4NO3  + SiO,  + 4AgCl. 

6.  What  is  the  percentage  composition  of  steatite  (MgaSi40jiHo0)? 

7.  Find  the  formula  of  a siib.stauce  containing  silicon  26 '27, 
calcium  18'43,  magnesium  11 '06,  and  o.\ygen  44 "24  percent. 

8.  The  rock-crystal  (A  2‘605)  .standard"  pound  is  a cube.  How 
many  inches  does  it  measure  along  each  edge  ? 

9.  Find  the  formula  of  Wollastonite,  which  contains  .silica  51 '31, 
alumina  1'37,  lime  45'66,  and  magnesia  0'73  per  cent. 

10.  W'hat  is  the  forniiila  of  allophane,  which  consists  of  silica 
23'53,  alumina  37'73,  lime  1 '92,  and  w.atcr  36'86  per  cent.  ? 

11.  Find  the  formula  of  a substance  containing  niagnesium  22‘02, 
silicon  25 '69,  oxygen  44 ’04,  and  water  8'25  per  cent. 

12.  20  gin.  of  silica  are  heated  in  the  vapour  of  carbon  disulphide. 
How  much  silicon  sulphide  and  what  volume  of  carbon  dio.xide  at 
13°  C.  is  formed  ? 

SiO„  -t-  CS.J  = .SiS..  -t-  CO„. 

13.  How  much  do  500  ccni.  of  hydrogen  silicide  (Sill^)  at  13°  C. 
and  720  mm.  weigh  ? 

14.  How  much  silica  is  formed  on  burning  2 1.  of  hydrogen 
silicide  at  30°  C.  ? 

SiH^  -f-  40  = 2H.jO  4-  SiOj. 
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15.  Ten  ^rrams  ol  silica  are  heated  witli  lluorsnar  and  liv.lroiren 
sulphate.  A\  hat  volume  of  silicon  lluoride  at  13“  0.  is  fonned 

SiO.,  + 2CaF„  + 2H2SO4  = 2CaS0.,  -1-  2H„0  H-  SiF^. 

60°  r AnVw’"''  '"1  20-8  m.  of  silicon  lluo.ide  at 

l»  pliedlnto  Zer  ? th.  g„ 

3SiF.j  + 21I„0  = SiO„  + 2H.^>iF„. 

17.  What  volume  of  chlorine  at  26°  C.  and  m.^s.s  of  emhou 
requiiedto  make  100  gm.  of  silicon  tetrachloride? 

SiO„  + 2C  + C'lj  = 2C'0  + .SiCIj. 

f chloride  i.s  5 -939  times  as  heavy  as  air 
and  that  of  silicon  fluonde  3 '6  times  as  heavy  as  air.  Find  the 
double  densities  referred  to  hydroc^en  ^ ^ ^ 

2oJ°"b.“veIgh  (SiCl,)  at 

20.  AVliat  is  the  mass  of  450  ccni  of  tlie  ^r  -i- 

bromide  (SiBr^)  at  350°  C'.  and  400  mm.  ? I '»  of  silicon 


Find  the  formula*  of  the  folloiving  minerals  containing 
. Sahhte,  .silica  54 ’02,  lime  24 '88,  ferrous  oxide  8 '07  and 
magnesia  13 '52  per  cent.  ’ ‘ 

46-2,  alumina  26-28,  lime  9 -22,  sodium 
oxide  5-16,  and  water  (low)  13-25  per  cent 

2?‘  7-6  per  cent. 

-1-  'oQ.o  r sodium  oxide  4-53,  lime  13-54,  alumina  30-7 
Silica  38  3,  and  water  13  per  cent.  ’ 

'o^f?nesia  1^0-45,  ferrous  oxide  5,  alumina  32-88,  silica 
49  95j  water  and  loss  l*/5  per  cent. 

V 26.  Orthoclase,  .silica  65-37,  alumina  18-74,  ferric  oxide  0-13 
lime  0-2/,  potassium  oxide  12-98,  and  sodium  oxide  2-48  per  cent.  ’ 

hIosCcIh  V"  composition  of  triethyl  silicoformate 

28.  What  volume  of  hydrogen  silicide  at  15°  C.  and  740  mm.  can 
be  obtained  from  20  gm.  of  triethyl  silicofoimate  ? 

4SiH(C3H50)3  = SiHj  + 3Si(C„H50)^. 

wefgii  *^°es  a litre  of  silicon  chloroform  (SiHCl3)  180°  C’. 

30.  Find  the  mass  in  grams  of  a sphere  of  rock-crvstal  (A  2-61) 
1 decimetre  in  diameter.  " 
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chaptp:k  XVIII. 

PiiosrnoRu.s,  P = 31. 

1.  How  imicli  pho.spliorus  i.s  there  iu  700  gm.  of  boue-ash 
(Oa32P04)  ? 

2.  How  nmcli  pho-sphoriLs  is  there  in  120  kilo,  of  bone-a.sh  con- 
taining 85  per  cent,  of  calcium  phosphate  (Ca32P04)  ? 

3.  The  .skeleton  of  a man  weighs  24  lb.  ami  contains  58  per  cent, 
of  calcium  phosphate  (Ca32P04).  Find  the  amount  of  phosphoru.s 
present. 

4.  Phosphoru.s  appears  to  exi.st  in  bone-ash  as  CaC033f'a32P04. 
Find  the  percentage  composition  of  this  substance. 

5.  How  much  bone-ash  containing  87  per  cent,  of  calcium  phos- 
phate is  required  to  make  200  kilo,  of  superphosphate  ol  lime  ? 

Ca32P04  + 2H3SO4  = 2CaS04  + Call42P04. 

6.  How  many  kilograms  of  bone-ash  containing  85  per  cent,  of 
calcium  jihosphate  are  reipiired  to  make  2 tons  of  superphosphate 
of  lime  1 

Ca32P04  + 2II.3SO4  = 2CaS04  -1-  CaH42P04. 

7.  How  much  calcium  metaphosphato  is  obtained  on  heating 
100  lb.  of  .superphosphate  of  lime  ? 

CaIl42P04  = 2H2O  -P  Ca2P03. 

8.  How  much  carbon  and  silica  must  bo  distilled  \vith  39 ’6  lb.  of 
calcium  metaphosphate,  and  how  much  phosphorus  should  be 
obtained  * 

Ca2P03  -P  50  -P  SiOj  = CaSiOj  -P  500  -P  2P. 

9.  How  much  j)hosphorus  is  obtained  on  heating  100  kilo,  of 
calcium  metaphosphate  with  carbon  ? 

20a2P03  -P  50  = 500  + Ca^PoO^  -P  2P. 

10.  Find  the  mass  of  a round  stick  of  phosphorus  (A  1’83)  1 
decimetre  long  and  2 cm.  across. 

11.  100  1.  of  yellow  (A  1 ’83)  are  converted  into  red  (A  2T4)  phos- 
phorus. What  is  the  volume  of  the  latter  variety  ? 

12.  What  is  the  mass  of  1 '234  1.  of  phosphorus  vapour  (P4)  at 
500°  C.  1 

13.  Phosphoru.s  vapour  is  4 '42  times  as  heavy  as  air.  What  is  its 
molecular  weight  ? 

14.  What  volume  of  air  is  required  to  burn  248  gm.  of  phosphonis  1 
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15.  What  is  the  mass  of  a ball  of  phosphorus  (A  P83)  1 cm.  in 
diameter  ? 

16.  A gram  of  phosphorus  when  burnt  gives  2'29  gm.  of  phos- 
phorus pento.\ide.  What  is  the  atomic  weight  of  phosphorus  ? 

P„  + 0,  = F,0,. 


PiiospiioKus  Trioxide,  P.Pjrrllo. 

Hydrogen  Piiospiiitk,  II3PO3  = 82. 

17.  How  much  phosphorus  must  bo  burnt  to  form  46  gm.  of 
phosphorus  trioxide  1 

Po  O3  P0O3. 

18.  What  volume  of  chlorine  at  15°  C.  must  be  pa.s.sed  into  100  gm. 
of  phosphorus  melted  under  water  to  convert  them  into  hydrogen 
phosphite  ? 

3C1  + P + 3H„0  = 3HC1  + H3PO3. 

19.  What  volume  of  hydrogen  phosphide  is  evolved  on  boiling 
10  gm.  of  (a)  hydrogen  phosphite,  ()3)  hydrogen  hypophosphite  ? 

4H3PO3  = H3P  -f  3H3PO4. 

2H3PO2  = H3P  + H3P04. 

20.  How  much  sodium  hypophosphite  can  be  obtained  by  boiling 
20  gm.  of  phosphorus  with  sodium  hydrate,  and  what  volume  of 
phosphine  is  given  off  ? 

P4  + 3HNaO  + 3H„0  = 3NaPHjO,  + PH3. 


Phospiiorits  Pentoxide,  PjOj  = 142. 

Hydrogen  Phosphate,  H3PO4  = 98. 

21.  How  much  phosphorus  must  be  burnt  to  form  46’86  gm.  of 
phosphorus  pentoxide  ? 

Pj  + O5  = P0O5. 

22.  How  much  water  must  be  added  to  187  gm.  of  phosphorus 
pentoxide  to  convert  it  into  hydrogen  (a)  orthophosphate,  (0)  pyro- 
phosphate, (7)  metaphosphate  ? 

P„Os  + 3H„0  = 2H3PO4. 

P^Os  -I-  2H;0  = H4KO,. 

PjOj  -f  H;0  = 2HPO3. 
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23.  9 gin.  of  phosplioru.s  pentoxiilo  absorb  2 "76  gin.  of  moisture 
from  the°air.  Find  a formula  for  the  body  formed. 

24.  How  much  hydrogen  ortbophospliato  is  obtained  on  heating 
1796  gm.  of  pho.sphorus  with  hydrogen  nitrate  ? 

2P  + 50  4-  3H.p  = 2IT3PO4. 

25.  Find  the  formula  of  a sub.stancc  containing  calcium  38'72, 
phos])horn.s  20,  and  oxygen  41‘28  per  cent. 

26.  C.alculate  the  jicrcentago  composition  of  the  three  silver  phos- 
phates (a)  AgaPO,,  03)  Ag,P„0„  (7)  AgPO^. 

27.  Find  tiio  percentage  composition  ot  (a)  common  sodium  phos- 
phate J\a.,lTP04.12Ilo0,  (fi)  microcosniie  salt  Na(Nll4)llP04.4HoO. 

28.  What  volnme'of  hydrogen  suljihidc  at  15°  C.  is  reipiired  to 
decomiiosc  100  gin.  of  Ic.ad  pyrophosphate? 

PboP-.O-  -f  2H..S  = 2PbS  -F  H4P3O-. 

29.  20  gm.  of  hydrogen  metaphosjihate  are  boiled  with  water. 
How  much  orthoiihosfihate  is  formed  ? 

IIPO3  -F  H„0  = II3PO4. 

30.  100  gm.  of  phos])horus  are  melted  under  water.  What 
volume  of  chlorine  at  17°  is  required  to  convert  them  into 
hydrogen  orthophosphate  ? 

2P  -F  5C’1„  -F  Sll.,0  = lOHCl  -F  2II3PO,. 


PlIOSI’III.N’K,  PII3  = 34. 

31.  79  gm.  of  hydrogen  jdiosphite  are  heated.  What  volume  of 
phosphine  is  evolved  ? 

IHjPOs^  II3P  -F  3II3PO4. 

32.  10  gm.  of  jihosphorus  are  boiled  with  pota.ssium  hydrate. 
What  volume  of  phosiihine  at  37°  ('.  is  evolved  ? 

4P  -F  311 KO  + 3II.3O  = 3KP11.,0..,  i PII3. 

33.  5 gm.  of  phosphorus  are  boiled  with  baryta  water.  What 
volume  of  phosphine  at  15°  ( is  given  oif? 

2P4  -F  3BaH30.,  F 6H,0  = 3Ba(PH30,)„  -F  2PH3. 

34.  10  ccm.  of  phosjihorus  (A  1'77)  arc  dissolved  in  barium 
hydrate?  What  volume  of  phosphine  at  21°  C.  and  531mm.  is 
given  off? 

3BaHj0.j  -F  6H;0  F 2P4  = 3Ba(Pll.,0.3)j  -F  2PH3. 
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35.  7 ’29  gm.  of  phosphonium  iodide  when  heated  with  pota.ssium 
hydrate  give  how  many  litres  of  phosphine  at  30°  C.  ? 

PHJ  + KHO  = KI  + HjO  + PH3. 

36.  How  much  phosphonis  is  there  in  a litre  of  phosphine  at 
12°  C.  ? 

37.  Find  the  formula  of  a substance  containing  phosphorus  98 '41 
and  hydrogen  1 ’59  per  cent. 

38.  Hydrogen  phosphide  is  1"184  times  as  heavy  as  air.  What 
is  its  molecular  weight  ? 

39.  WHiat  volume  of  air  is  required  to  burn  179  ccm.  of  phos- 
phine, and  how  much  phosphorus  psntoxiile  is  formed  ? 

2PH3  + 80  = 3H3O  -I-  P3O3. 

40.  What  volume  of  phosphine  will  diffuse  under  the  same  con- 
ditions as  100  ccm.  of  hydrogen  ? 


The  Halogen  Compounds  of  Phosphorus. 

41.  100  gm.  of  calcium  phosphate  are  mixed  with  charcoal  and 
heated  in  chlorine  and  carbon  monoxide.  What  volume  of  chlorine 
at  15°  C.  is  re(juired,  and  what  volume  of  liquid  jihosphorus  oxy- 
chloride (A  1'7)  is  fomied  1 

Ca32P04  6CO  -f  12C1  = 3CaCl2  + 6CO,  -»-.2POCl3. 

42.  How  much  crystallized  hydrogen  oxalate  must  be  heated  with 
a kilogram  of  phosphorus  pentachloride  to  convert  it  into  the 
oxychloride  ? 

3PCI5  -b  C3H2OJ.2HJO  = 6HC1  -f  CO  -b  CO3  -b  3POCI3. 

43.  Find  the  formula  of  a substance  containing  phosphorus 
24 ’61,  oxygen  19'05,  and  chlorine  56'37  per  cent. 

44.  The  vapour  of  phosphorus  oxychloride  is  5 ’3  times  as  heavy 
as  air.  ^V^lat  is  its  molecular  weight  ? 

45.  How  much  does  a litre  of  the  vapour  of  phosphorus  oxychlo- 
ride (POCI3)  measured  at  300°  C.  weigh  ? 

46.  A litre  of  phosphorus  oxychloride  (A  1’7)  is  distilled  through 
red-hot  charcoal.  What  volume  of  phosphorus  trichloride  (A  1 '6) 
is  formed  ? 

POCI3  -b  C = CO  -b  PCI3. 

47.  What  volume  of  chlorine  at  20°  C.  must  be  pas.sed  into  a 
kilogram  of  melted  phosphorus  to  convert  it  into  the  trichloride  ? 

P -b  01,=  PCI,. 
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48.  What  volume  of  clilorine  at  21°  C.  must  he  pa.ssed  into 
100  gm.  of  phosphorus  trichloride  to  convert  them  into  the  penta- 
chloride  ? 


49.  The  vapour  of  phos]>horu.s  trichloride  is  4742  times  as  heavy 
as  air  ; what  is  its  molecular  weight  ? 

50. _  What  volume  of  chlorine  at  30°  C.  must  he  i>assed  into  a 
solution  of  476  gm.  of  phosphorus  in  carbon  disulphide  to  convert 
it  into  25cntaehloride  ? 


hi.  hind  the  2)ercentage  comjiosition  of  .sod  in  in  a-iihosnhate 

52.  hind  a fonnula  for  lazulite,  which  contains  phosphorus  pent- 
Dxide  4376,  alumina  317,  magnesia  10-01,  ferrous  o.xide  8 '17  and 
ivater  5-59  per  cent. 

53.  How  much  phosphorus  is  contained  in  1-3  1.  of  phosTihine 
PHj)  measured  at  22°  C.  and  730  mm.  ? 

.54.  What  volume  of  hydrogen  bromide  at  210°  C.  is  evolved  on 
joilmg  20  gm.  of  jihosphorus  pentabromide  with  water  ? 


55.  What  volume  of  hydrogen  sulphide  at  30°  C.  will  react  with 
100  gm.  of  phosphorus  pentachloride  ? 


PCI3  + C\  = PCI5. 


P + 5C1  = PCL. 


PBi-5  + 4H,0  = HjPOj  + 5HBr. 


PCI5  + 14s  =.  2HC1  + PSCI3.. 


CHAPTER  XIX. 
Akbenic,  As  = 75. 


a kilo,  of  arsenic 
carbon  monoxide 


As^Oa  + 3C  = 3CO  h A.s,. 
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2.  How  much  arsenic  trioxide  is  fonned  by  burning  3‘567  gm.  of 
arsenic  in  oxygen  ? 

Asj  + 30  = AsoOj. 

3.  The  vapour  of  arsenic  trioxide  is  13 '85  times  as  heavy  as  air.  ■ 
Find  its  double  density  refen-ed  to  hydrogen. 

4.  How  many  grams  do  2 litres  of  arsenic  vapour  (AS4)  weigh  ? 

5.  Find  the  jicrcentage  composition  of  Proustite  (AggAsSj). 

6.  100  gm.  of  arsenic  trioxide  are  heated  with  suli)luir.  What 
volume  of  sulphur  dioxide  at  39°  C.  and  mass  of  orpiment  are 
formed  ? 

3As.p3  + 9S  = 2AsoSj  + 3SOj. 

7.  878  ccm.  of  arsine  at  166°  C.  and  813  mm.  occupy  what 
volume  at  - 41°  C.  and  696  mm.  ? 

8.  In  a case  of  poisoning  11 ’73  grains  of  arsenic  trisulpliide  were 
found.  To  how  much  arsenic  trioxide  does  this  correspond  1 

AsoSg  + 90  = As.p3  + 3SO2. 

9.  Find  the  percentage  composition  of  Scheele’s  Green  CuHAsOj. 

10.  Calculate  the  percentage  composition  of  pota.ssium  sulph- 
arsenitc  K3A.SS3. 

11.  Find  the  percentage  composition  of  (a)  realgar  AsjS„,  (0) 
orpiment  As^Sj,  (7)  arsenic  pentasulphide  AsjSj. 

12.  A room  15  feet  long  and  10  feet  high  and  wide  is  covered 
with  paper  containing  0’78  grain  of  Scheele’s  green  (CuHAs03)  per 
square  foot.  How  much  arsenic  is  there  in  the  room  ? 

13.  4 1.  of  hydrogen  sulphide  at  13°  C.  arc  passed  into  a solution 
of  arsenic  triox'ide.  How  much  arsenic  trisulphide  precipitates  V 

3H„S  + Asj03  = 3II2O  + AS3S3. 

14.  What  volume  of  hydrogen  sulphide  at  21°  C.  is  required  to 
precipitate  the  arsenic  from  a solution  of  100  gm.  of  arsenic 
trioxide  ? 

3H„S  + AS2O3  = 3HjO  + AS0S3. 

15.  10  kilo,  of  arsenic  trioxide  are  heated  with  hydrogen  nitrate 
(A  1-35  cont.  56  % real  acid).  IVliat  volume  of  acid  is  required, 
how  much  hydrogen  arsenate,  and  what  volume  of  nitrogen  tn- 
oxide  at  13°  C.  is  formed  ? 

AsjOj  + 2IINO3  + 2II3O  = 2II3ASO4  + N5O3. 

16  How  much  fluorspar  and  what  volume  of  hydrogen  sulphate 
(A  1-84)  must  be  heated  with  300  gm.  of  arsenic  trioxide,  and  how 
much  arsenic  trifluoridc  is  formed  ? 

3CaF,  + 3I-I3SO4  + Asj03  = 3GaS04  + 311,0  + 2ASF,. 
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17.  How  much  arsenic  inu.st  be  acted  on  l>y  what  volume  of 
chlorine  at  13°  C.  and  720  mm.  to  make  100  ccm.  of  liquid  arsenic 
trichloride  (A  2 ’2)  ? 

As  + CI3  = ASCI3. 

18.  What  is  the  mass  of  .66  ccm.  of  the  v.apour  of  ar.seuic  tri- 
chloride (AsCl;,)  measured  at  271 '5°  0.  ? 

10.  What  volume  of  hydrogen  arsenide  at  1.6°  C.  can  be  obtained 
from  1 gm.  of  arsenic  trioxide  ? 


AsoOj  + eil.jSOj  + 6Zn  = 6Z11.SO4  -P  3HaO  + 2II3A.S. 

20.  What  docs  a litre  of  hydrogen  arsenide  (HjA.s)  weigh? 


21.  Find  the  percent.age  composition  of  Schweinfurt  green 
(C'u2C„Il30,.3ruAs.p4). 

22.  The  specific  heat  of  arsenic  is  0'0814.  And  96'1.6  jits.  of 
arsenic  combine  with  3’85  pts.  of  hydrogen.  Find  the  .atomic 
weight  of  the  clement. 

23.  How  much  zinc  is  dis.solved  in  forming  1‘37  1.  of  hydro'mu 

arsenide  at  -10’  C.  and  600  mm.  ? “ 

6Zn  + + 6IU.SO4  = 6Z11SO4  + 3IHO  + 2H3AS. 

2-1.  Mhat  volume  is  occupied  by  4 gm.  of  cacodyl  As,(CH,). 
vapour  at  210°  C.  and  780  mm.  ? -12'  3/4 


t'HAl'TEK  XX. 


Antimony,  Sb  --  120.  Hi.smutii,  Hi  = 208. 


antimony  is  tberc  in  1020  kilo,  of  the  tri.sulphide 


2.  Fiml  the  ma.ss  of  a sheet  of  antimony  (a  6 '7)  20  cm.  lomr 
10  cm.  wide,  ami  1 mm.  thick.  ’ 

•j.  Mh.it  \olume  is  occupied  by  100  gm.  of  (a)  .arsenic  A 5 "8 
(^)  anlimony  A 6'8,  (7)  bi.smuth  A O’O  ? ’ 

1.  Type  metal  i.sjiu  alloy  of  80  ]its.  of  lead  (A  ITS)  .and  20  pts. 
o antimony  (A  6 '7).  If  no  permanent  cb.ange  of  volume  takee 
place  during  the  fusion,  what  is  the  density  of  the  alloy  ? 
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5.  According  to  (Jookc,  100  gm.  ol'  niitiuiony  triliroinide  (SbBr^) 
contain  33’3335  of  antimony  and  66 ‘6665  gm.  of  bromine.  What 
is  the  atomic  weight  of  antimony  ? 

6.  100  gm.  of  antimony  gave  124 '8  gm.  of  antimony  tetroxide. 
If  O = 100  what  is  the  atomic  weight  of  antimony  ? 

2Sb  + 40  = Sb„04. 

7.  What  volume  of  chlorine  at  13°  C.  is  rc(iuired  to  convert 
100  gm.  of  antimony  into  the  trichloride  ? 

2Sb  + 6C1  = 2ShOl3. 

8.  A piece  of  antimony  was  converted  into  the  tribromidc  by 
nh.sorbing  187  ecm.  of  bromine  vapour.  What  was  the  mass  of  the 
antimony  ? 

Sb  + 3Br  = SbBiv 

9.  What  volume  of  chlorine  at  17°  C.  is  reejuired  to  convert 
100  gm.  of  antimony  into  the  pentachloride  ? 

2Sb  + 5C1„  = 2SbCl5. 

10.  What  volume  of  hydrogen  sulphide  under  a jiressure  of 
.‘567  mm.  is  evolved  on  dissolving  33 '6  gm.  of  antimony  trisuljihido 
in  hydrogen  chloride  ? 

SbjSj  + 6HC1  = 2SbCl3  + 3H5S. 

11.  10  1.  of  hydrogen  sulphide  at  1.6°  C.  are  passed  into  a solution 
of  antimony  trichloride.  How  much  antimony  trisulphide  pre- 
cipitates ? 

3H„S  -b  2SbCl3  = 6HC1  -b  2Sb„S3. 

12.  What  would  a litre  of  pure  hydrogen  antimonide  (HjSb)  .at 
13°  C.  weigh  ? 

13.  4 1.  of  mixture  of  hydrogen  and  hydrogen  antimonide  at 
26°  r.  and  800  mm.  are  p.assed  through  a red-hot  tube  which  is 
found  to  increase  in  ma.ss  by  1 5 gm.  Find  the  percentage  composition 
of  the  mixture  by  volume. 

2SbIl3  = 2Sb  -b  3Ho. 

14.  Bismuth  melts  at  264°  C.  What  tcmper.ature  is  this  on  the 
Fahrenheit  .and  on  the  Reaumur  sc.ale  ? 

1 .6.  Find  the  percentage  comjiosition  of  the  four  oxides  of  bismuth 

(alBijOj,  ()3)Bi303,  (7)Bio04,  (5)Bi,0.v.  . ^ , 

16.  What  is  the  j)crcentage  composition  of  bismuth  nitrate 
tBi3N035Hj0)? 
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17.  Schneider  found  that  54  ’969  gm.  of  bismuth  formed  61  -31 1 gm. 
I ol  tlie  trioxide.  What  is  the  atomic  weight  of  bi.smuth  ? ” 

2Bi  + 30  = Bi„03. 

volume  of  oxygen  at  30°  C.  is  given  off  on  lieatiii" 
llOOgm.  of  bismuth  pentoxide  ? ” 


B4O5  = BijO^  + 0. 

fo  of  chlorine  at  12°C.  is  required  to  convert 

28  gm.  of  bismuth  trioxide  into  the  pentoxide  ? 

Bi.,03  + 2ILO  -I-  4C1  = 4HC1  + BhOij, 

chlorine  at  9°  C.  is  required  to  convert 
.70  gm.  of  bismuth  into  the  tricliloride  ? 

Bi  + CI3  = BiClj. 

consists  of  5 pts.  of  le.ad  (A  II -45),  3 pts.  of  tin 
(A  / 3),  and  8 pts.  of  bismutli  (A  9'9).  If  no  permanent  change 
lof  volume  take  place,  find  the  density  of  the  alloy 

consists  of  2 pts.  of  lead  (A  1 1 -45),  4 pts.  of  tin 
fA  / 3),  2 pts.  of  cadmium  (A  8v),  and  8 pts.  of  bismuth  (A  9’9) 
tL'alloy™‘‘“‘^“*  o‘‘  '’olunie  takes  place,  find  the  density  of 


composition  of  2C4H,K(Sb0)0e.ir,0, 


23.  Find  the  percentage 
tartar  emetic. 

24.  A cubic  decimetre  of  antimony  .sulphide  (a  4 '62)  is  dissolved 

i'sno'^°*^  chloride.  What  volume  of  hydrogen  sulphide  at  30°  C 
and  800  mm.  is  given  off?  ^ 


SboSj  + 6HC1  = 2SbCl3  4-  SH^S. 

?bf?'^n^at^n?r™°  occupied  by  lO  gm.  of  trimethyLstibine 

Jinm.rd1amet'eH 
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CHAPTER  XXI. 

Thk  Physical  Pkopeuties  oe  Metals.  I. 

Ma.ss,  Volume,  and  Density. 

1.  Find  the  volume  of  100  gin.  of  (a)  platinum  A 21 ’5,  (i3)  gold 
A 19’3,  (7)  lead  A 11 ’4,  (5)  lithium  A 0’59. 

2.  A kilo,  of  eo])]ier(A  8'9),  a kilo,  of  silver  (A  10'5),  and  a kilo, 
of  mercury  (A  13 '5)  arc  placed  in  a ves.sel  full  of  water.  Vliat 
volume  runs  over  ? 

3.  Find  the  mass  of  a potas.sium  (A  ‘86)  wire  2 mm.  in  diameter 
and  1 decimetre  long. 

4.  How  many  grams  does  a stick  of  sodium  (A  ’97)  1 cm.  square 
and  1 dm.  long  weigh  '! 

5.  How  many  spherical  pellets  of  potassium  (a  ‘86)  half  an  inch 
in  diameter  can  he  made  from  an  ounce  of  the  metal  ? 

6.  What  is  the  radius  of  a strontium  (A  2 '54)  wire  10  cm.  long 
which  weighs  2 "6  gm.  1 

7.  What  is  the  mass  of  a sheet  of  aluminium  (A  2 '67)  1 mm. 
thick,  1 dm.  acro.ss,  and  1 m.  long  ? 

8.  How  many  yards  of  wire  {’5  inch  in  diameter  can  be  made 
from  an  ounce  of  magnesium  (A  174)  1 

9.  A pelletof  manganese  weighed  in  ether  (A  ’7024)  14'6212  gm. 
and  in  chloroform  (A  1'5252)  12'975C  gm.  Find  the  density  of  the 
metal. 

10.  An  iron  (A  7'8)  annour-plate  is  12  ft.  long,  4 ft.  wide,  and 
6 inches  thick  ; find  its  mass  in  tons. 

11.  What  is  the  m.oss  in  kilograms  of  an  iron  (A  7 ’7)  beam  12  ft. 
long,  C inches  broad,  and  9 inches  deej)  ? 

12.  How  many  kilo,  does  an  iron  (A  7'8)  telegraph  wire  16kilom. 
long  and  2 min.  in  diameter  weigh  '! 

13.  What  is  the  m.iss  of  a cylindrical  cast  iron  (A  7 ’25)  cannon 
holt  10  cm.  in  diameter  and  15  ccm.  long? 

14.  Find  the  mass  in  tons  of  a forged  steel  (A  7 '8)  cylinder  13  m. 
long  and  a metre  in  diameter. 

15.  An  empty  spherical  Mallet  shell  (A  7 ’25)  is  a yard  in  diameter 
and  two  inches  thick.  Find  its  mass  in  kilograms. 

16.  How  many  grams  does  a cubic  foot  of  pure  iron  (A  7'88) 
weigh  more  than  a cubic  foot  of  steel  (A  7 '75)1 
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17.  A decimetre  cube  of  Ciust  iron  (a7'25)  floats  uj)ou  mercury 
(A  13T)!16)  with  one  luce  horizontal.  IIow  far  is  the  cube  immersed 
in  tlie  monuiry  I 

18.  A meteorite  (A  7'5)  contains  3 times  its  volume  of  hydrogen. 
How  many  times  is  the  meteorite  heavier  than  the  hydrogen  ? 

19.  Y’hat  is  the  diameter  in  inches  of  a cast  iron  (A  7 ’25)  32  lb. 
cannon-ball  ? 

20.  A slieet  of  tin-foil  (A  7 ’3)  is  a yard  long,  a foot  wide,  and 
■01  incli  thick.  Fiiul  its  nutss  in  grams. 

21.  A sheet  of  iron  (A  7'8)  1 m.  ,s([uare  and  1 mm.  thick  is  dijiped 
into  melted  tin.  If  its  original  mass  be  increased  by  4'ji  "hat  is 
the  thickness  of  the  layer  of  tin  (A  7 ‘3)  1 

22.  A circular  sheet  of  cardboard  1 m.  across  is  covered  on  one 
side  with  tin-foil  (A  7‘3)  0’02  mm.  thick.  Hy  how  many  grams 
does  the  cardboard  increase  in  ma.ss  ? 

23.  A roll  of  sheet-lead  (A  11 ’4)  is  20  ft.  long,  6 ft.  wide  and 
J inch  thick.  How  many  pounds  docs  it  weigh  '! 

24.  Find  the  number  of  pounds  of  lead,  1 sip  ft.  of  which 
weighs  5 lb.,  on  a roof  30  ft.  9 inches  long,  and  16  ft.  8 inches 
wide. 

2.').  How  many  shot  1 mm.  in  diameter  can  be  made  from  1000 
gm.  of  lead  {A  11 '46)  ? 

26. ^  1000  ccni.  of  mercury  at  0°  C.  (A  13-596)  are  cooled  to 
- 40°  ('.  What  is  the  volume  of  the  solid  mercury  (A  14 -39)  ! 

27.  AVhat  is  the  cajiacity  of  an  iron  bottle,  which  contains  70  lb. 
of  mercury  (a  13-56)  ? 

28.  M hat  is  the  radius  of  a cylindrical  tube  10  cm.  long,  which 
is  lound  to  hold  4-26  gm.  of  mercury  (A  13-56)  ? 

29.  A glass  tube  20  cm.  long  contains  121  <nn.  of  mercurv 
(A  13-51).  Find  its  radius. 

30.  Asidierical  glass  bulb  is  found  to  hold  509'52Km.  of  mercurv 
(A  13-51).  What  is  the  internal  radius  of  it  ? 

31.  How  many  pounds  does  asheetof  silver  (A  10-5)  a yardlon<' 
a foot  wide,  and  an  inch  thick  weigh  ? 

32.  Silver  (A  10-54)  has  been  deposited  on  glass  so  thin  that  a 
square  metro  weighed  2-2  grams.  How  thick  was  the  coatiim  * 

33.  A nugget  of  gold  (A  19-3)  weighed  1743  ounces  troy‘s  what 
was  Its  ma.ss  in  kilograms  and  its  volume  in  cubic  centimetres « 

34.  A .sovereign  ought  to  contain  113-001  gi-aiiis of  gold  (A  19'3). 
If  the  gold  in  the  4-'124,000, 000  in  circulation  were  made  into  .1 
cube,  how  many  feet  long  would  the  edLm  be  ? 


covered  with  gold  (A  19-3) 
gold  in  kilograms. 
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37.  A platinum  i gm.  weight  (A  21 '5)  is  1cm.  square.  How 
thick  is  it  ? 

38.  The  English  standanl  platinum  kilogram  (A  21 ‘1379)  is  a 
cylinder  4 cm.  high.  AVhat  is  its  radius  ? 

39.  How  much  does  a 100  gm.  platinum  weight  (A  21 '2)  lo.se  in 
air  at  15°  C.  ? 

40.  How  many  grains  of  normal  air  are  displaced  by  (a)  the 
standard  Platinum  Pound  (A  21 '1572),  {$)  the  Quartz  standard 
Pound  (A  2-605)  ? 


Malleability  and  Ductility. 

41.  What  length  of  wire  2 mm.  in  diameter  can  be  drawn  from  a 
cubic  decimetre  of  metal  ? 

42.  How  many  gi-ams  does  a sheet  of  iron  (A  7 ‘8)  1 m.  square 
and  mm.  thick  weigh  ? 

43.  A gram  of  silver  (A  10‘5)  can  be  drawn  into  a wire  2600  m. 
long.  What  is  the  diameter  of  the  wire  ? 

44.  A "rain  of  silver  (A  10 ’5)  can  be  drawn  into  a wire  400  feet 
long.  Wliat  is  the  radius  of  the  wire  in  mm.  ? 

45.  Gold  leaf  can  bo  made  iwch  thick.  Wh.at  would  be 

the  length  of  the  side  of  a square  of  such  leaf  containing  one  grain 
of  gold  (A  19-3)? 

46.  A sheet  of  gold  leaf  (A  19-3)  O’OOOl  mm.  thick  w-eighs  one 
gram.  What  is  its  area  in  scm.  ? 

47.  A wire  of  gold  (A  19‘3)  3 kilom.  in  length  weighs  a gram. 
Find  the  radius  in  mm. 

48.  Faraday  calculated  that  the  gold  (A  19‘3)  in  four  sovereigns 
(452-004  grains)  could  be  made  into  a wire  long  enough  to  go  round 
the  world  (r  = 6-37  x 10“  m.).  Find  the  radius  of  such  a wire 
in  cm. 

49.  If  a .sheet  of  platinum  foil  (A  21-5)  is  211  mm.  long  and 
56  mm.  wide  and  weighs  10-2  gm.,  what  is  the  thickness  ? 

50.  A platinum  wire  (A  21-5)  is  102  mm.  long  and  w-eighs  0-18 
gm.  What  is  the  radius  ? 

51.  Platinum  wire  (A  21-5)  can  be  made  mm.  in  diameter. 

How  many  grams  w-oiild  such  a w-ire  21,600  geographical  miles  long 
w-eigh  ? 

52.  How  many  metres  of  wire  mm.  in  diameter  can  be  made 
from  one  ounce  troy  of  platinum  (A  21-5)  ? 
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Tenacity. 

fiS.  If  a lead  wire  inch  in  diameter  will  just  carry  20  lb.,  how 
many  kilo,  will  a wire  1 min.  in  radius  carry  ? 

54.  A lead  wire  1 mm.  square  will  carry  2 kilo.  AYliat  is  the 
length  of  an  iron  weight  20  cm.  square  (A  7 "25)  which  a leaden  rod 
1 cm.  s(juare  will  just  carry  ? 

55.  The  tenacity  of  zinc  is  7000  lb.  per  .sipiare  inch.  How  many 
kilo,  will  a zinc  wire  2 mm.  in  radius  carry  ? 

56.  The  beat  Low  Moor  iron  will  carry  64,200  lb.  per  .square  inch. 
How  many  kilo,  will  a wire  2 mm.  in  diameter  carry  ? 

57.  A steel  wire  1 mm.  square  will  resist  a pull  of  70  kilo.  How 
many  tons  will  a rod  1 inch  square  carry  ? 

58.  An  iron  wire  2 mm.  in  diameter  will  carry  250  kilo.,  a simi- 
lar nickel  wire  375  kilo.,  and  a similar  cobalt  wire  479  kilo.  Find 
the  diameter  of  a wire  of  each  metal  which  will  just  carry  1000 
kilo. 

59.  A rod  of  best  charcoal  iron  will  carry  114,000  lb.  ]>er  square 
inch.  Find  the  radius  in  cm.  of  an  iron  (A  7 '8)  sphere  which  a rod 
of  such  iron  1 cm.  sipiaro  will  carry. 

60.  Copper  wire  will  carry  40  kilo,  per  smm.  A pull  of  how 
many  lbs.  is  required  to  break  a bell-wire  0'08  inch  in  diameter  ? 

61.  Mr.  Cowles’  silico-aluminium  bronze  will  carry  200,000  lb. 
per  square  inch.  How  many  kilo,  can  be  canied  by  a wire  2 mm. 
in  diameter  'i 


CHAPTER  XXII. 

The  Physical  Photekties  of  Metals.  II. 

Alloys. 

Unless  otherwise  stated  it  is  asssimed  that  the  volume  of  an  alloy  is 
equal  to  the  volume  of  its  constituents. 

1.  How  many  kilo,  of  copper  (A  9)  and  of  tin  (A  7 '32)  are  con- 
tained in  112  kilo,  of  an  alloy  (A  8 ’784)  ? 

2.  Find  the  density  of  gun-metal  which  contains  10  jits.  tin 
(a  7'3)  and  90  pts.  copper  (A  8'9). 

3.  What  is  the  density  of  Britannia  metal  which  contains  9 ]>ts. 
of  tin  (A  7'3)  and  1 pt.  of  antimony  (A  6'8)  ? 
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4.  All  alloy  of  equal  ina.sses  of  platinum  (A21'r))  ami  copper 
(A  9)  ia  found  to  have  the  .same  colour  and  density  (A  19'5)  as  gold. 
In  alloying  100  volumes  of  the  two  metals  what  contraction  takes 
jilaoe  ? 

5.  When  weighing  with  hra,ss  (A  8 ’4)  weights  in  nonnal  air,  how 
much  is  aiiparently  lost  by  the  weights  per  gram  ? 

6.  Find  the  density  of  aluminium  bronze,  which  contains  10%  of 
aluminium  (A  2 '6)  and  90%  of  copper  (A  8 '9). 

7.  Find  the  density  of  an  alloy  of  e(pial  parts  of  magnesium 
(A  17),  zinc  (A  7),  and  cadmium  (A  8'.5). 

8.  Find  the  density  of  an  alloy  of  equal  parts  of  tin  (A  7 '3)  and 
lead  (A  11-45). 

9.  What  is  the  density  of  an  alloy  of  100  gm.  of  lead  (A  11-45) 
with  300  gm.  of  tin  (A  7 '3)  ? 

10.  One  volume  of  tin  (A  7-3)  combines  without  change  of  volume 
with  two  volumes  of  mercury  (A  13-56).  What  is  the  density  ol 
the  amalgam  ? 

11.  A shilling  (A  10-2)  weighs  87-27  grains.  What  is  its  volume 
in  ccm.  ? 

12.  An  alloy  of  equal  parts  of  silver  (A  10-5)  and  bismuth 
(a  9-8)  is  found  to  have  the  density  10-709.  If  no  change  of 
volume  took  place  what  would  the  density  of  the  alloy  be  ? 

13.  Mint-silver  (A  10-2)  consists  of  7-5  % of  copper  (A  8-9)  and 
92-5  % of  silver  (A  10-5).  AVhat  would  he  the  density  of  the  alloy 
if  no  change  of  volume  took  place,  and  what  do  100  volumes  of  the 
two  metals  occu]>y  after  the  fusion  ? 

14.  900  gm.  of  gold  (A  19-3)  are  fused  with  100  gm.  of  silver 
(A  10-5).  AVhat  is  the  density  of  the  alloy  ? 


Fusibility. 

15.  Zinc  melts  at  773°  F.,  and  boils  at  1904°  F.  What  are  these 

temperatures  on  the  Centigrade  scale  ? „ „ . 

16.  Cadmium  becomes  brittle  at  180°  F.,  melts  at  242  F.,  anc. 
boils  at  1580°  F.  What  are  these  temperatures  on  the  Centigrade 
sciiIb  ? 

17.  100  f'm.  of  copper  (sp.  lit.  -095)  were  heated  to  the  melting 
point  and  'thrown  into  a kilo,  of  water  at  0°  C.  The  tempera- 
ture of  the  mixture  was  found  to  be  10-35°  C.  What  is  the  melting 

point  of  copper  ? 1 ^ 1 • . 

18  100  gm.  of  platinum  (sp.  ht.  0-03243)  were  heated  in  a lur- 
nace  and  plunged  into  a vessel  of  water,  weighing  when  reduced  to 
water  976  gm.  The  temperature  of  the  water  rose  from  10  L.  to 
15°  C.  wliat  was  the  temperature  of  the  furnace  '! 
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Expan.sibility. 

The  co-cjjicicnt  of  cuhicul  expansion  of  mercury  for  \°  U.  is 
or  -000181. 

19.  Edinburgh  Ls  400  miles  from  London.  By  how  many  yards 
( do  the  lines  (co-elf.  exp.  -00001166)  expand  when  heated  from  0°  C. 
I to  30°  (’.  ? 

20.  The  barometer,  read  on  a brass  (co-elf.  exp.  0-00002)  scale  at 
10°  t'.,  wius  780-4  mm.  What  is  the  reading  reduced  to  0°  C.  ? 

21.  The  barometer,  read  on  a gla.ss  scale  (co-eff  exp.  -000009)  at 
I 20°  C.,  w:us  770  mm.  What  is  the  reading  reduced  to  0“  Cb  ? 

22.  A bra.ss  (co-elf  lin.  ex]).  -000019)  cylinder  measures  24-4  cm. 
iin  heiglit  and  breadth  at  17-5°  C.  What  is  the  volume  of  it  ? And 
' what  would  the  volume  become  at  0°  C.  ? 

23.  493  ccm.  of  mercury  are  measured  olf  at  15°  C.  What 
■ volume  do  they  occupy  at  25°  C.  ? 

24.  100  vol.  of  mercury  .at  0°  C.  (A  13-596)  become  102  vol.  at 
110°  C.  Find  the  density  at  the  latter  temperature. 

25.  The  density  of  mercury  at  0°  C.  is  13-596.  What  is  the 
density  at  1 5°  C.  ? 

26.  What  column  of  mercury  at  15°  C.  produces  a pre.ssure  ecjual 
ito  that  of  a column  of  water  of  273  mm.  '! 

27.  AV'hat  is  the  volume  at  0°  C.  of  a glass  bulb  (co-cif  cub.  exp. 
-00003)  which  at  25°  C.  contains  53  gm.  of  mercury  ? 

28.  A ghass  bulb  weighing  430  grains,  when  filled  with  mercury 

.at  0°  C.,  weighs  1510  grains.  It  is  placed  in  hot  oil,  and  after 
( cooling  weighs  1490  grains.  If  the  co-ellicient  of  apjiarent  expan- 
.'  sion  of  mercury  in  gla.ss  be  ‘‘‘f  "hat  temperature  Centigrade 

' was  the  oil  ? 

29.  By  how  many  cubic  centimetres  would  69  units  of  heat  cause 
a litre  of  mercury  (sp.  ht.  -0333)  .at  0°  C.  to  expand  ? 

30.  A thennometer  contains  11  gm.  of  mercury  (sp.  ht.  -0333). 
ViHiat  ipuintity  of  heat  is  required  to  raise  the  mercury  from  0°  C. 

tto  100°  C.,  and  wh.at  increase  in  volume  will  show  1°  C.  ? 

31.  A ])iece  of  thermometer  tube  2 dm.  long  was  found  to  hold 
I 0-2  gm.  of  mercury.  What  must  the  internal  volume  of  the  bulb 
1 be  that  0°  C.  to  100°  C.  on  the  stem  m.ay  measure  2 dm.  '! 

32.  A glass  bulb  was  found  to  hold  600  gm.  of  mercury  at  0°  C., 
land  591  gm.  after  heating  to  100°  C.  What  is  the  co-ellicient  of 
1 cubical  expansion  of  the  glass  '! 
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CHAPTER  XXIII. 

P0TASSIU.M,  K = 39. 

1.  How  much  potassium  carbonate  ami  charcoal  must  be  heated 
together  to  form  a kilogram  of  pota-ssium  ? 

KoCOa  + 2C  = 3CO  + K„. 

2.  Wliat  volume  of  carbon  monoxide  at  455°  C.  is  given  off 
during  the  separation  of  100  gm.  of  poto-ssiuni  ? 

K..CO3  4-  2C  = 800  + K.,. 

3.  How  much  (a)  potassium  carbonate,  (0)  calcium  hydrate  is 
required  to  make  a kilogram  of  potassium  hydrate  ? 

K0CO3  -I-  HoCaOa  = CaCOa  + 2HKO. 

4.  AVhat  volume  of  oxygen  at  15°  C.  is  required  to  convert  10  gm. 
of  potassium  into  the  tetroxide  ? 

Ivo  + 2O2  = K-iOj. 

5.  5 gm.  of  potassium  tetroxide  are  boiled  with  water.  What 
volume  of  oxygen  at  100°  C.  is  evolved  ? 

K2O4  + H„0  = 2HKO  + 30. 

6.  How  many  grams  does  a stick  of  potassium  hydrate  (A  2 •2) 
1 cm.  across  and  10  cm.  long  weigh  ? 

7.  A pellet  of  potassium  (A  0'86)  1 cm.  in  diameter  is  thrown  in 
small  fragments  into  water.  What  volume  of  hydrogen  at  15°  C. 
is  given  off? 

K + H.,0  = HKO  + H. 

8.  Potassium  (A  0'86)  absorbs  126  times  its  volume  of  hydrogen. 
Find  a fonnula  for  the  body  formed. 

9.  What  is  the  percentage  composition  of  potas.sium  silicofluoride 
KaSiFo  ? 

10.  Calculate  the  percentage  com]>o.sition  of  feldspar  KjAlaSigOia. 

11.  How  much  potassium  chloride  must  be  mixed  with  a kilo,  of 
Chili  nitre,  and  how  much  potassium  nitrate  is  formed  ? 


XaNOa  + KCl  = NaCl  + KNO3. 
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12.  100  gin.  of  pot.ossiuin  nitrate  arc  heated  to  redness.  What 
volume  of  oxygen  at  39°  C'.  is  evolved  ? 

KNO3  = KNOo  + 0. 

13.  20  gin.  of  potassium  nitrate  are  heated  with  pota-ssium  di- 
chromate. What  volumes  of  oxygen  and  of  nitrogen  tetroxidc  at 
20°  C.  arc  evolved  ? 

21x^03  H"  IvoCr.iOy  — 2K.)(.*rO^  + 21^^02  4-  0. 

14.  If  a gram  of  powder  form  280  cem.  of  gas  at  0°  C'.,  what 
volume  would  be  occujiied  at  2200°  C.  ? 

15.  What  volume  of  g.os  is  formed  by  100  gm.  of  powder  (a)  at 
0°  C'.,  (0)  at  1000°  ('.,  if  the  decomposition  l>e 

2KNO3  S -f  3C  = K2S  -f  N,  -f  3C0.2. 

16.  R.  li.  G.  jiowdcr  produces  a pressure  of  4690  atmospheres. 
What  is  this  pressure  in  tons  per  sciuare  inch  ? 

17.  10  gm.  of  pota-ssium  and  hydrogen  carbonate  are  heated. 
What  volume  of  carbon  dioxide  at  30°  C.  is  given  off  ? 

2HKCO3  = K2CO3  -f  H„0  + COj. 

18.  4 gm.  of  ]iotassium  and  hydrogen  carbonate  arc  dissolved  in 
hydrogen  chloride.  What  volume  of  carbon  dioxide  at  52°  C.  is 
given  off  ? 

HKCO3  -f-  IICl  = KCl  + IRQ  + COj. 

_ 19.  A ga.sogcn  holding  4 litres  is  charged  with  4 ounces  of  potas- 
sium and  hydrogen  carbonate  and  hydrogen  tartrate,  but  only  a very 
small  quantity  of  water  is  added.  What  is  the  pressure  of  the  gas 
at  10°  C.  ? 

2HKCO3  + = KaT" -f  2H„0  -f  2CO2. 

20.  A .substance  contains  pota.s.sium  28 '25,  chlorine  25 '64,  and 
oxygen  46 'll  per  cent.  Find  its  fonnula. 

21.  A\  hat  volume  of  oxygen  at  94"5°  C.  and  960  mm.  is  evolved 
on  heating  260  gm.  of  ])ota.ssium  chlorate  ? 

KCIO3  = KCl  + O3. 

22.  AVhat  volume  of  hydrogen  fluoride  at  90°  ('.  is  evolved  on 
heating  100  gm.  of  pota.s.sium  and  hydrogen  fluoride  ? 

11 KF.,  = KF  -t-  11 F. 

23.  AVluat  volume  of  hydrogen  sulphide  at  15°  C.  and  780  mm.  is 
required  to  reduce  100  gm.  of  potassium  bromate  ? 

KB1O3  3H,S  = KBr  + 3H,0  + 3S. 
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24.  According  to  Sta.s  100  gm.  of  potassium  chloride  form 
135 ‘6423  gm.  of  potassium  nitrate.  AVhat  is  the  atomic  weight  of 
potassium  ? 

KCl  + HNO3  = HCl  + KNO3. 


CHAPTER  XXIV. 

Sodium,  Xa  = 23. 

1.  How  much  .sodium  can  bo  obtained  from  20  kilo,  of  sodium 
carbonate,  and  what  volume  of  carbon  monoxide  is  formed  in  the 
liroce.ss  ? 

N.aoC03  + 2C  = 3CO  + Xa^. 

2.  What  volume  of  oxygen  at  200°  C.  is  required  to  convert 
100  gm.  of  sodium  into  the  dioxide  ? 

Xaj  + 0.,  = Xa^Oj. 

3.  The  specific  heat  of  .sodium  is  0'2934,  and  39’32  gm.  of  .sodium 
unite  with  135765  gm.  of  bromine.  What  is  the  atomic  weight  of 
sedium  ? 

Xa  + I5r  = Xal’r.  , 

4.  A gram  of  sodium  amalgam,  when  thrown  into  water,  evolved 
200  cem.  of  hydrogen  at  13°  C.  What  was  the  percentage  of 
sodium  in  the  amalgam  ? 

Xao  + 2H2O  = 2XaIIO  + H,. 

5.  What  volume  of  hydrogen  at  26°  C.  and  740  mm.  is  evolved 
by  the  action  of  0’2  gm.  of  .sodium  upon  water,  and  what  will  the 
gas  measure  over  water  ? 

Xa„  + 2H„0  = 2HXaO  + H„. 

6.  How  much  .sodium  carbonate  and  slaked  lime  must  bo  used  to 
make  a kilogram  of  sodium  hydrate  ? 

XaX03  + HoCaO,  = CaCOj  + 2HXaO. 

7.  Find  the  percentage  composition  of  (a)  dry  XajCOj,  (0) 
cry.stallized  XaoCOalOIRO  sodium  carbonate. 

2.  What  is  the  iierccutago  of  sodium  sulphate  and  of  water  in 
Glauber’s  .s.alts  XaoSO4.lOH.jO  ? 

9.  How  many  jiounds  of  common  salt  arc  required  to  make 
500  lbs.  of  .salt-cake  ? 

2XaCl  + IRSO4  = 2HC1  -i-  Xa;S04. 


CHAP.  XXI V.J 


SODIUM. 


1)5 

10.  How  imicli  soiliiiia  fiirbonate  cau  be  made  IVom  500  kilo,  of 
common  salt  ? 


2Na('l  + H.,SO^  = 21  in  + Na..SOj. 

+ CaC'Oa  + •!<-'  = 4CO  + CaS'+  NaoCOj. 

11.  If  lOOtonne.sof  common  .salt  are  decomjio.sed  by  hydrogen 
snlpbate,  bowmueb  salt-cake  and  wbat  ;'ohime  of  aqueous  hydrogen 
chloride  (A  1 '2  cout.  4 1 % real  acid)  are  formed  ? 

2XaC’l  -i-  lIjSO,  = Xa^SOj  -f  2HC1. 

12.  If  100  gm.  of  sodium  sulphate  are  heated  with  charcoal,  how 
much  .soilium  siilphiile,  aiul  what  volume  of  carbon  monoxide  at 
15°  C.  is  formed  ? 

Xa.jSO^  -f  40  XaoS  -i-  4f'0. 

13.  1000  kilo,  of  ('0111111011  salt  will  form  how  much  salt-cako  and 
what  volume  of  hydrogen  chloride  ga.s  ? 

2XaC'l  -i-  ILSO^  = Xa.,S04  + 2HC1. 

14.  How  many  kilo,  of  soda  crystals  containing  3 per  cent,  of 
imimrity,  and  how  many  kilo,  of  hydrochloric^  acid  (a  1'2])  con- 
taining 4S0  times  its  volume  of  tho  gas,  can  he  formed  from  the 
materials  in  the  last  (lucstion  ? 

lOILO  + Xa.,S04  + + CaCOj  - C'aS  -t-  4CO  -i-  Xa./'O3.1011.,O. 

1.5.  What  voliinic  of  carbon  dioxide  at  77°  C.  is  ab.sorbed  in  con- 
verting 10  kilo,  of  cry.stallized  sodium  carbonate  into  bicarbonate  '! 

Na.d'03lOH.p  -I-  CO3  = 9HoO  i 2HXaC'03. 

16.  What  volunio  ot  c.arbon  dio.xido  can  be  obtained  from  .3’72  "’in 
of  “bicarbonate  of  soda”  (a)  by  heating,  (;8)  by  tho  action  of 
an  acid  ? 

2HXar03  = II2O  4-  N.a..CO.,  -I-  C-'O... 
llXaCOj  -(-  MCI  = XaCl  + 11  jO  + L'O.,. 

17.  A .sample^  of  .soda-ash  is  found  to  contain  56  iier  cent,  of 
sodium  oxide  (XaoO).  How  much  .sodium  carbonate  (Xa.,('0,l  ncr 

' cent.  IS  there  in  tho  ash  ? - 1 

18  In  trade  analyses  the  atomic  weight  of  .sodium  is  often  taken 
as  24  instead  of  23.  liiid  Hie  error  per  cent,  introduced  il'  the 
result  1)0  ealrulatcfl  (a)  as  sodium,  (^)  as  sodium  carbonate. 

19.  I'ind  tbo  ibrmida  ol  all)itc,  wliicli  contains  silica  C8*44, 
i aluniiiia  19'4.'),  .sodium  oxide  11'67,  and  iiotassiuni  oxide  0'43 
per  cent. 

. ^ contains  2 '6 1 per  cent,  of  .sodium  chloride 

I tiMau;.  How  many  pounds  of  sodium  are  there  in  a cubic  yard  of 
1 sea-water  ? •’ 
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21.  10  gin.  of  sodium  and  liydrogen  sulphite  are  heated.  What 
volume  of  sulphur  dioxide  is  given  olf  ? 

2NaHS03  = NaoSOg  + HoO  + SOj. 

22.  If  10  gm.  of  sodium  sulphite  are  dissolved  in  acid,  what 
volume  of  sulphur  dioxide  at  12“  C.  is  given  otf? 

Na„S03  + 21IC1  = HjO  + 2NaCl  + SO.j. 


23.  A cubical  crystal  of  rock-salt  (a  2 ’16)  weighs  43 '2  gin.  Find 
the  length  of  its  edge. 

24.  Sodium  hydride  (A  0’959)  contains  46  pts.  of  sodium  (A  0’97) 
and  1 pt.  of  hydrogen.  Find  the  density  of  the  solid  “ hydro- 
genium,” 

25.  A mixture  of  potassium  and  sodium  chlorides  weighed  4 '2  gm. 
When  converted  into  sulphates  the  mixed  salts  weighed  5 gm.  How 
much  (a)  potassium,  (;3)  sodium  was  picsent  ? 

2[KNa]Cl  -t-  HjSO^  = 2HC1  + [KoNa.lSO^. 

26.  1'221  gin.  of  a mixture  of  potas.sium  and  sodium  carbonates 
gave  1'231  gm.  of  the  mixed  chlorides,  from  which  2’87  gm.  of 
silver  chloride  were  formed.  Find  the  percentage  composition  of 
the  mixture. 

[Na,K,]C03  + 2HC1  = H^O  -f  COj  + 2[NaK]Cl. 

[NaK]Cl  + AgNOa  = [KNajNOa  + AgCl. 


CHAPTER  XXV. 

Ammonium,  NHj  = 18. 

1.  Find  the  formula  of  a .substance  containing  nitrogen  26H7, 
hydrogen  7 ’48,  and  chlorine  66 '35  per  cent. 

2.  20  gm.  of  ammonium  suliihate  are  heated  with  lime.  What 
volume  of  ammonia  is  given  oil'  ? 

(NHaloSO^  -I-  CaO  = H„0  -1-  CaSO^  + 2NH3. 

3.  A kilo,  of  ammonium  chloride  is  heated  with  lime.  What 
volume  of  ammonia  at  12°  C.  is  evolved  ? 

2NH/J1  + CaO  = CaClj  + H,,0  + 2NH3. 
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4.  100  gni.  of  ammoiiiuin  nitrite  are  heated.  IVliat  volinnc  of 
iJiitrogen  at  13°  C.  i.s  evolved  ? 

NH^NO.  = 21ip  I-  N„. 

5.  A kilo,  of  ammonium  nitrate  i.s  heated.  AVhat  volume  of 
[iQiti’oiis  oxide  at  15  C’.  is  evolved  ? 

NH4NO3  = 211,0  + N,0. 

C AVater  at  0°  C.  ab.sorhs  1000  time.s  its  volume  of  ammonia. 

\ratei  r ° solution  ol  ammonia  can  be  made  from  a litre 

7.  Uow  many  pint,s  of  .solution  of  ammonia  (a  '88)  weiffh  4 lbs  « 

b.  How  much  ammonium  chloride  is  there  in  a litre  of  lusolution’ 
.-0  cin.  of  V Inch  after  precipitation  with  iilatiiium  tetrachloride  and 
egnition,  gave  0’9/6  gm.  of  platinum  ? 

2XII/'l  + PtC'l,  = (NIIJ.,PtCl„. 

(NH^)2ptC'lg  = 2NII3  + 2I1C1  + 2CP  + Pt. 

9.  Find  the  percentage  composition  of  (a)  ammonium  and 

'NJ^rV  (^)  ainmonium  carbaii 

10.  40  gm.  of  microcosmic  salt  are  heated.  How  much  .sodium 

t 300°  fo^  of  «team 

Na(NH4)HP04.4H,j0  = NaPOj  + NHj  h-  .'iipo. 


FlYmiOXYI, AMINE,  NII3O  = 3.3. 

11.  AAduat  volume  of  nitric  o.xide  at  10°  f.  mii.st  be  caused  fn 
n.X5we1''°'"""  fo  form  100  gm. 

NO  + 311  = NOII3. 

VI, n't  LT''  ’iy''.>:oxy’-i">">o  are  heated  with  pota-ssium  hydrate 

Vliat  ^olume.s  of  nitrogen  and  of  ammonia  at  21°  C.  are  forSi 
3X0H3  = N3+  NII3  + 3Il.p. 


mmonhim  chlori^^^  one  gram  of 

AO  8o5),  and  how  much  ammonium  chloride  i.s  required  to  make  E ? 
2NII4CI  + CaO  = CaC'lj  + IPQ  + 2XII3. 


11 


98 


CALCIUM. 


friiA?.  XXVI. 


15  10  tim  of  silver  chloride  are  saturated  vith  anunoiiia  .ind 
heated.  (a)’  What  volume  of  ammonia  at  50“  C.  is  evolved 
(/3)  How  much  sodammonium  can  bo  formed  from  the  liiiueuea 

ammonia?  _ 

ArCIS^sHj  = Af;(yl  + 2>iH3. 

2NH3  + Na'3  :=  N..HcNa... 


CHAPTER  XXVI. 
Calcium,  Ca  = 40. 


1 How  much  calcium  is  contained  in  100  gm.  of  (a)  marblj 
CaCO;,,  03)  gypsum  CaS04.2H„0,  (7)  fluor-spar  CaF„,  (5)  super 

phosphate  of  iiino  CaH.,2P04  ? fm-Tn  100  ton 

^ 2.  llow  many  tons  of  chalk  must  he  burnt  to  foim  100  ton 

of  quick -lime  ? 

'■  CaCO,  = CO2  -b  CaO. 


3.  How  much  calcium  hydrate  can  be  obtained  by  heating  2 72 
kilo,  of  calc-spar  to  redness  and  throiving  ivatcr  on  the  residue  . 


Caf’Oj  = f'aO  -I-  CO.3. 
CaO  -b  H..6  = ILiCaO.^. 


4 C,alcium  hydrate  is  soluble  in  720  times  its  nia.ss  of  cold,  .an 
in'sOO  times  ite  mass  of  boiling  water  How  much  of  the  hydr.al 

Tirpf*irntfl.tcS  Oil  lloiHllS  tl  litl’C  of  tilC  SOiUtlon  . 

^ 5:  A suteto  contains  calcium  39'9,  carbon  12-1,  and  oxyge 

4,q  ner  cent  Find  the  fonnula  of  it. 

6 A salt  contains  calcium  27‘4,  carbon  16-44,  oxygen  43  84,  an 

wntor  19*33  nor  cent.  Find  the  foriniil.a.  ^ 

7 A cubic  metre  of  marble  (CaC03,.A  2 '7)  contains  how  man 

times  its  volume  of  ga.seous  carbon  dioxide  condensed  in  it . 
timcs  itsAouiiui.  h in  hvdroiren  chloride. 


8.  10 


voliuiic  of 


, volume  ot  ga.seous  cariion  uio.muu  ...  -- 

rrm  of  marble  are  dissolved  in  hydrogen  chloride.  MTi. 

^f  Jarbon  dioxide  at  30“  C.  is  given  oil  ? 


i given 

C.aC03  -b  21IC1  = f'aCls  + H.jO  -b  OOn. 

9 1000  kilo,  of  limestone  arc  “ burnt”  Wbat  volume  of  carb( 
dioxide  at  300“  C.  is  given  oil  ? 

CaCOj  = CaO  -b  CO... 
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10.  A litre  of  water  -saturated  with  oarlion  dioxide  dissolve.^ 
0-88  gm.  of  calcium  carbonate.  How  many  gallon.s  of  water  arc 
reiiuired  to  dis.solve  a ton  of  chalk  1 

11.  How  many  gram.s  of  calcium  chloride  (r'aCl.,)  must  bo  dis- 

solved in  a litre  of  water  to  be  equiv.alcnt  to  ii  hard  water  containing 
X grams  of  calcium  carbonate  jier  gallon  ? ° 

12.  What  volume  of  a .solution  of  c.alcium  sul])hatc  (cont.ainin 
2-33  gm.  of  the  .salt  jier  litre)  mu.st  be  made  ui)  to  200  cem.  to  ---iv 
a hardnes.s  of  16°  Clark  per  gallon  ? 

13.  1000  gm.  of  .sea-water  contain  1 -33  gm.  of  calcium  sulpbate 
and  0-017  gm.  of  calcium  carbonate.  How  much  .sea-water  would 
give  3 •24  gm.  of  calcium  oxalate  ? 


CaSO,  -I-  (NH4)oC„0,  = (NH,),SO,  -)-  CaftO,. 
CaCOj  -t-  (NHJ.C.,0,  = (NH,);C03  + tAClO^. 


14.  How  much  calcium  sulphate  can  be  fonned  from  11 -1  mn.  of 
calcium  chloride  ? ” 


CaClj  -I-  HoSO,  = 2HC1  -f  CaSO^. 

1.').  How  many  ccm.  of  water  arc  requireil  to  make  100  "in  of 
plaster  ol  Pari.s  set  ? ” ' 

CaS04  -I-  21  HO  = CaS042H„0. 

to  Vqo’ ^ selenite  lose  when  heated 

CaS042H„0  = CaSO^  -i-  2II3O. 

17.  A cistern  10  ft.  square  and  6 ft.  deep  contains  water  saturated 
with  calcium  sulphate,  which  is  soluble  in  400  times  its  wei"ht  of 
””‘'7  kilograms  of  the  salt  are  there  in  the  cistern  ? 

18  /OOcem.  of  water  containing  1 gm.  of  calcium  hy, irate  in 
I solution  .arc  mixed  with  700  ccm.  containing  1-26  1 of  carbon 

sXtioV?"  «Hb.stauce  remains  in 

f’aHjOj  -t-  CO.  = IHO  -I-  CaCOj. 

, rravn'n-nol f f "I'ci.  shaken  with  lime-water, 

I ga  c 0 001  / gm.  of  calcium  carbonate.  What  is  the  pereentam:  by 
volume  of  carbon  dioxide  in  air  ? toy 

CaII.,0.,  CO.  = C.aCO,  -t  H„0. 

20.  100  parts  of  water  at  180°  C.  .Iksolve  32.6  p.arts  of  drv 
c.alciiim  ehloiide.  How  many  ccm.  of  water  must,  bn  iidded  that  a 
(CaCUlLotr'"''  ° kilogram  of  the  dry  .salt  ma 


lay  crystallize 
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21 . 100  ])ts.  of  calcium  chloride  combine  with  119  pts.  of  ammonia. 
Find  a formula  for  the  compound. 

22.  100  gm.  of  bleaching  powder  are  heated  with  water  and 
cobalt  oxide.  What  volume  of  oxygen  at  21°  C.  is  evolved  ? 

2CaOClj,  = 2CaCl2  + 0.^. 


CHAPTER  XXVII. 

SxnoNTiuM,  Sr  = 87 ’6.  Barium,  Ba  = 137. 

1.  Find  the  percentage  composition  of  (a)  .strontianite  SrCOs, 
{$)  celestine  SrSOj,  (7)  witherite  BaCO,,  (S)  heavy  .spar  BaSO^. 

2.  2 gm.  of  strontium  are  obtained  by  passing  a current  of 
electricity  through  the  fused  chloride.  What  volume  of  chlorine 
at  15°  C.  is  set  free  ? 

SrCh  = Sr  + Clj. 

3.  How  much  strontia  is  obtained  on  heating  1000  gm.  of  strontium 
nitrate  ? 

Sr2N03  = 2NOo  + 0 + SrO. 

4.  Crystallized  strontium  hydrate  is  soluble  in  50  times  its  mass 
of  water.  How  much  hydrogen  sulphate  will  100  gm.  of  the 
solution  precipitate  ? 

HjSrO.SIUO  + HjSOj  = 10H,O  + SrSO^. 

5.  According  to  Marignac  10  gm.  of  crystallized  strontium 
chloride  give  6 •8855  gm.  of  strontium  sulphate.  What  is  the 
atomic  weight  of  strontium  ? 

SrCl,6H,0  + lUSO,  - 6FLO  + 2HC1  + SrS04. 

6.  What  is  the  probable  specific  heat  of  barium  ? 

7.  How  much  baryta  can  be  made  from  10  kilo,  of  barium  nitrate  . 

Ba2NOa  = BaO  + 2X0^  + 0. 

8.  Crystallized  barium  hydrate  (H2BaO;^8H.jO)  is  soluble  in  20 
times  its  mass  of  cold  water.  How  much  barium  hydrate  is  there 
in  100  gm.  of  the  saturated  solution? 
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9.  A litre  of  carbon  dio.xidc  at  15°  C.  i.s  drawn  through  haryta 
iwater.  How  nuich  barinin  carbonate  iirecipitates  ? . 

lUBaO,  + CO.,  = ILO  + BaCOj. 

10.  1000  1.  of  air  (containing  0'037  per  cent,  liy  volume  of  carbon 
ilio.xide)  arc  drawn  tlirongh  baryta-water.  How  inueh  Iwrium 
carbonate  preeipitate-s  '{ 


COo  H.dlaOo  = lUO  + BaCOj. 

11.  59  1.  of  air  are  drawn  over  heated  baryta.  How  nmcli  barium 
; lio.\nle  i.s  formed  ? 

BaO  4-  0 = BaO„. 


12.  What  volume  of  oxygen  at  21°  C.  is  ab.sorbed  by  100  mn.  of 

I'leated  baryta  ? “ 

BaO  4-  0 = BaOo. 

13.  MTiat  volume  of  carlwn  dioxide  at  13°  C.  is  rc.iuired  to  nre- 
lapitate  the  barium  from  100  gm.  of  hydrated  barium  dioxide  ? 


BaO,,6H„0  4-  COo  = BaCOj  4-  ILO,  4-  5H„0. 

14.  IVhat  volume  of  oxygen  at  15°  C.  and  700  ram.  i.s  given  olf 
11  heating  14  gm.  ol  barium  dioxide? 


BaO„  BaO  4-  0. 

volume  of  .sulphur  dioxide  at  39°  C.  must  be  i)a,ssed 
\vt*i  100  gm.  oi  heated  barium  dioxide  to  convert  them  into  sulpliate  ? 

SO._j  4-  BaO„  = BaSOj. 

16.  One  gram  of  calcium  sulphate  will  form  how  much  barium 
lulphate  ? 

CaSOj  4-  Bad..,  = CaCR  4-  BaSOj. 

17.  20  gmi.  of  \yitherite  are  dis.solved  in  hy.lrogen  chloride.  How 
iiueh  cry.stiillized  barium  cbloride  and  what  volume  of  carbon  dioxide 
re  lormed  'I 


BaCOs  + 2HC1  (-  H.O  = CO^  4-  BaCU2H,0. 

18.  0-591  gm  of  witherito  gave  0‘699  gm.  of  barium  suli.hate. 
incl  the  percentage  of  barium  in  the  witherite. 

BaCOa  + HoSO^  = ILO  4-  CO.,  + BaSO,. 

dm  liyylrpgen  sulphate  will  1 ccm.  of  a solution  of 

ariuni  chloride  containing  100  gm.  of  the  crystallized  salt  per 
tie,  precipitate  ? •'  i"  * 

BaCl.,21UO  + H.,SO,  21 RO  4h  2HC1  4-  BaSO,. 
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20.  A inixluvo  of  Ijariuin  ami  calcium  cliloridM  gave  10  gin.  of  1 
the  mixed  carbonates.  And  the  ])reci[iitate  when  redis.solvcd  gave  I 
12  gm.  of  the  mixed  sulphate.s.  flow  much  hariiim  and  how  much  j 
calcium  was  jiresent  ? ^ 

[BaCainU  + 2NH4CO3  = 2NII4CI  + [RaCalCOj. 

[BaCa]Cl„  + (^^14)3804  = 2NH4CI  + [BaCa]S04. 


CHAPTER  XXVIII. 

Aluminium,  AI  = 27. 

1.  How  much  aluminium  is  there  in  100  gm.  of  (o)  clay 
Al.,03.2Si0.,,  {&)  cryolite  ALNagFjo,  (7)  Al3Po03H3AloOe2H.,0  tur- 
qiiois? 

2.  How  much  .sodium  is  required  to  reduce  1000  gm.  ol  .sodium 
and  aluminium  chloride,  and  how  much  aluminium  is  lormed  ? 

ALClo2NaCl  + 6Na  = SNaCl  + AL. 

3.  How  much  aluminium  is  set  free  on  passing  7’339  1.  of  the 
vapour  of  aluminium  chloride  at  546°  C.  over  heated  sodium  ? 

ALCle  + 6Na  = 6NaCl  + AL. 

4.  What  volume  of  oxygen  at  15°  C.  is  required  to  burn  5 gm. 
of  aluminium  ? 

Ah,  + 30  = ALO3. 

5.  How  much  sulphide  is  formed  on  heating  5 gm.  of  aluminium 
in  sulphur  vapour  ? 

AL  + 3S  = AI.4S3. 

6.  What  volume  of  aluminium  (A  2 "6)  must  he  di.ssolved  in 
potassium  hydrate  to  make  a litre  of  hydrogen  at  12°  C.  ? 

Al„  + 2HKO  + 2H0O  = 2KAIO2  + 3H„. 

7.  On  warming  0'5gm.  of  aluminium  with  potassium  hydrate 
660  ccm.  of  hydrogen  measured  over  water  at  13  C.  were  evoUed. 
V/hat  is  the  atomic  weight  of  aluminium  ? 

AL  + 2HKO  + 21LO  = 2KA10„  + 3Hj. 
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8.  How  iinicli  pot.xsh  alum  can  bo  made  IVom  1001)  gm.  of  (a) 
. olay,  (0)  alumina  ? 

.'Al„0a2Si0.,  + 3II..S04  + K„S0j  + 21H.,0  = 2SiO„+  K„.\]„4SOj24H..O. 

AL.03+  ..  ..  = 1wVUSU;.24H20. 

9.  100  gm.  of  ammonia-alum  are  heated  (a)  alone,  how  much 
jalumina  is  loft  ? {0)  with  lime,  what  volume  of  ammonia  is  given  olf? 

I (XHJ.,A1,4S04.24H.,0  = (Xirj).,SO,  -f  Al.,0.,  4-  3H..S04  -f  21H..O. 
i(NH4)„AU4S0424Ho0  -(-  C'aO  = OaSO^  -f  2NH3  -f  AUSOj-f  25Ii„0. 

10.  Find  the  formula  of  a mineral  containing  alumina  C8'31, 
t-ferrie  oxide  3'37,  ferrou.s  oxide  2’06,  and  magne.sia  26'20  per  i-ent. 

11.  What  volume  of  chlorine  at  15°  C.  and  750  mm.  is  required 
[■to  convert  100  gm.  of  alumina  into  aluminium  chloride? 

AI2O3  -1-  3C  -f  6C1  = 3CO  -f  Al,.Cls. 

12.  The  vapour  of  aluminium  chloride  is  9 '34  times  as  heavy  as 
•air.  AVhat  is  its  molecular  weight  ? 

13.  What  does  a litre  of  the  vapour  of  aluminium  chloride 
(AloC'lg)  at  300°  C.  weigh  ? 

14.  Steam  is  jiassed  over  20  gm.  of  warm  aluminium  chloride. 
iWhat  volume  of  hydrogen  chloride  at  150°  C.  is  formed  ? 

AloCls  -1-  3II.3O  = AI3O3  -f  6IIC1. 

15.  A gram  of  aluminium  while  dissolving  in  hydrogen  chloride 
■•gave  1271  ccin.  of  hydrogen  at  10°  C.  What  is  the  atomic  Aveight 
of  aluminium  ? 

AI.3  -f  6IIC1  = AlX’le  -I-  311.3. 

16.  What  volume  of  hydrogen  suljdiide  at  15°  C.  and  800  mm.  is 
evolved  by  the  action  of  water  upon  10  gm.  of  aluminium  sulphide  ? 

AI..S3  -f  3II3O  = AI3O3  -t-  OILS. 

17.  20  gm.  of  cryolite  are  heated  with  hydrogen  sulj)hate.  What 
volume  of  hydrogen  lluoride  at  20°  C.  is  given  olf? 

Ka^Al^Fjo  -f  61HSO,,  = OXa^SO^  + Al.OSOj  -f  12HF. 

18.  Find  the  formula  of  chiolite  which  contains  aluminium  17 '66, 
:odium  24 '97,  and  tluorino  57 '37  ])er  cent. 

19.  hind  a tormula  tor  ultriimarine  which  contains  aluminium 
14 '25,  .silicon  17'49,  sodium  16'2,  sulphur  14  07,  and  oxvgen  33 
per  cent. 

20.  Find  a bu-ninla  hii-  Stourbridge  tiro-clay,  whicli  contains 
silica  64 '1,  alumina  23 '15,  ferrous  oxide  185,  niagnesia  0'95,  and 
.vater  10  per  cent. 
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CHAPTER  XXIX. 

M A c:  N E s I u M,  Mg  = 24 '4. 

1.  How  much  magnesium  is  there  in  1000  gm.  of  (a)  magnesite 
MgCO;„  ($)  dolomite,  MgC’a2C03,  (7)  Epsom  salts  MgS04.7H„O? 

2.  What  is  the  percentage  composition  of  (a)  meerschaum 
MgjSijOylHoO,  (0)  serj)entine  Mg3Si2072H20  ? 

3.  How  much  magnesium  is  formed  on  heating  100  gm.  of  potas- 
sium with  magnesium  chloride  ? 

K.,  -f  MgCU  = 2KC1  -P  Mg. 

4.  What  volume  of  chlorine  at  12°  C.  and  750  mm.  is  evolved  in 
making  10  gm.  of  magnesium  by  electrolysis  ? 

MgCU  = Mg  -f  Cl.,. 

5.  How  much  sodium  is  required  to  decompose  a kilogram  of 
magnesium  chloride,  and  how  much  magnesium  is  formed  ? 

MgClj  -l-  2Na  = 2NaCl  Mg. 

6.  What  volume  of  chlorine  at  15°  C.  and  745  mm.  is  evolved 
during  the  separation  of  2 gm.  of  magnesium  from  the  fused  chloride  ? 

MgCU  = Mg  -1-  CU. 

7.  What  volume  of  oxygen  at  13°  C.  is  required  to  burn  7 gm.  of 
magnesium  ? 

Mg  -f  0 = MgO. 

8.  40  gm.  of  magnesium  are  dissolved  in  dilute  hydrogen  chloride. 
What  volume  of  hydrogen  at  21°  C.  and  380  mm.  is  evolved  ? 

Mg  -f  2HC1  = MgClj  -f  H„. 

9.  0'2  gm.  of  magnesium  gave  195‘5  ccm.  of  hydrogen  at  13°  C. 
What  is  tlie  atomic  weight  of  magnesium  ? 

Mg  -H  2HC1  = MgC'U  -f  I-U. 

10.  What  volume  of  hydrogen  measured  over  water  at  14°  C.  and 

760  mm.  is  set  free  on  dissohung  0'2  gm.  of  magnesium  in  acid  ? • 

Mg  -f  2HC1  = JlgCl^  -f  H... 
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11.  0-1  gm.  of  magiiesiuiii  gavu  100  ccni.  of  liyJroguii  at  ltl°  C. 
Tlie  barometer  stood  at  758'8  miii.,  ami  the  column  of  water  in  the 
tube  at  250  mm.  Find  the  etjuivalent  of  magnesium. 

nig  + hcl  = mgd  + h. 

12.  How  much  crystallized  magnesium  sulphate  can  be  obtained 
by  dissolving  1000  gm.  of  magnesite  in  dilute  hydrogen  sulphate; 
and  what  volume  of  carbon  dioxide  is  evolved  ? 

MgCOa  + IHSO^  + 6H,0  = MgS047H.,0  + CO.,. 

13.  A dolomite  contains  12  per  cent,  of  magnesium  carbonate. 
How  many  kilograms  of  Epsom  salts  could  be  made  from  120  kilo, 
of  it  ? 

WgCOs  + IHSO,  + CIHO  = CO.  + MgS047Ho0. 

14.  4 pn.  of  dolomite  when  strongly  heated  gave  937 '4  eem.  of 
carbon  dioxide.  Find  the  percentage  of  calcium  and  magnesium 
carbonates  in  the  dolomite. 

[CaMgJCOa  = [CaMg]0  + CO,. 


15.  What  volume  of  nitrogen  at  20°  C.  and  780  mm.  will  combine 
with  50  gm.  of  magnesium  ? 

3xMg  + 2N  MgaN,. 

1C.  Water  saturated  with  carbon  dioxide  dissolves  25 '8  gm.  of 
magnesium  carbonate  and  0‘88  gm.  of  calrium  carbonate  jier  litre. 
What  is  the  percentage  of  impurity  in  the  magnesium  carbonate 
thrown  down  on  boiling  such  a solution  of  dolomite  1 

17.  A magnesium  (A  1'74)  wire  1 mm.  in  diameter  is  burnt  in  a 
cylinder  of  oxygen  at  0°  C.  After  cooling,  the  water  rises  through 
a distance  eipial  to  the  length  of  wire  burnt.  Find  the  radius  of 
the  cylinder. 

Mg  + 0 = iMgO. 


CHAPTER  XXX. 

Zinc,  Zn  = 65 '4. 

1.  Find  the  percentage  composition  of  (o)  zinc  blende  ZnS,  (j8) 
calamine  ZnCO,. 

2.  Hnd  the  ioi-mula  of  a substance  containing  zinc  54 '17,  silicon 
11  '07,  oxygen  26 '67,  and  water  7 '5  jier  cent. 
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3.  A kilogram  of  (a)  calainiiio  (/3)  blenilc  Ls  roasted  to  oxide, 
which  is  reduced.  How  much  carbon  is  required,  and  carbon  mon- 
oxide by  volume  evolved  '! 

Z11CO3  = ZnO  -f  COj.  ZnS  4-  30  = ZnO  + SOj. 

ZnO  4-  C — Zn  4-  CO. 

4.  How  much  zinc  white  can  be  made  from  1000  gm.  of  zinc,  and 
what  volume  of  air  is  required  ? 

Zn  4-  0 = ZnO. 

5.  What  volume  of  air  is  required  to  o.xidize  1000  kilo,  of  zinc 
blende  ? 

2ZnS  4-  30„  = 2ZnO  4-  2SOa. 

6.  How  many  pounds  of  zinc  can  be  dissolved  by  COO  lb.  of 
hydrogen  sulphate  diluted  with  water  ? 

Zn  4-  HjS04  :=  Z11SO4  4-  H„. 

7.  What  volume  of  hydrogen  measured  over  water  at  15°  C.  and 
760  mm.  is  set  free  on  dissolving  0‘5  gm.  oi  zinc  in  acid  ? 

Zn  4-  2HC1  = ZuClj  4-  Hj. 

8.  0'5  gm.  of  zinc  when  dissolved  in  acid  gave  183  ccm.  of 
hydrogen  measured  over  water  at  9°  C.  and  748  mm.  Find  the 
equivalent  of  zinc. 

Z7i  4-  hcl  = zncl  4-  h. 

9.  4 1.  of  chlorine  at  30°  C.  and  770  mm.  are  passed  over  heated 
zinc,  llow  much  zinc  chloride  is  formed  ? 

Zn  4-  Clo  = ZnCl... 

10.  40  gm.  of  zinc  are  boiled  with  jjotassium  hydrate.  What 
volume  of  hydrogen  at  1 7°  C.  is  evolved  ? 

Zn  4-  2HKO  = KjZnOo  4-  H... 


Cadmium,  Cd  = 112. 

1 1 . What  is  the  percentage  compo.sition  of  cadmium  sulphide  CdS  ? 

12.  llow  much  cry.stallized  cadmium  bromide  can  be  made  from 
100  gm.  of  cadmium,  and  what  volume  of  hydrogen  is  evolved  ? 

Cd  4-  2HBr  4-  41LO  = CdBro4ILO  4-  H^. 
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13.  r’iiul  tlio  formula  of  a .substance  eoutaining  zinc  58 '56,  carbon 
4 ‘05,  o.xygeu  25 ‘23,  ami  water  12 '16  per  cent. 

14.  A metallic  chloride,  the  vajionr  of  wbicb  i.s  6 tinic,s  as  heavy 
a-s  air,  is  found  to  contain  38 '66  percent,  of  chlorine.  Find  the 
atomic  weight  of  the  metal  and  the  formula  of  the  chloride. 

16.  How  much  zinc  must  he  di.ssolvod  in  acid  to  fill  a wedge- 
.shaped  gas-hag  1 in.  long,  60  ccm.  broad,  and  34  ccm.  deep  at  the 
thickest  end  with  hydrogen  at  15°  C.  and  780  mm.  ? 

Zn  2HC1  = ZnCE  + H„. 

16.  Rrass  consists  of  2 jiarts  of  coj>per  alloyed  with  1 part  of 
zinc.  Find  an  ap])roximate  formula  for  it. 

17.  A substance  contains  zinc  53,  carbon  38'9,  and  hydrogen 
8'1  per  cent.  Find  the  formula  of  it. 

18.  1’ota.ssinm  nitrate  is  boiled  with  zinc,  iron,  and  pota.ssium 
hydrate.  How  much  zinc  is  dissolved  during  the  evolution  of  1 1. 
of  ammonia  at  10°  C.  and  730  mm.  ? 

14I1KO  4-  8Zn  -1-  2KNOj  = 8K„Zn0.j  -f  411,^0  + 2NII3. 


OlIAPTER  XXXI. 

Manganhse,  Mu  = 55. 

1.  How  much  manganese  is  there  in  100  gm.  of  (a)  pyrolusite 

MnO„,  (/8)  hraunite  (y)  mangane.se  blende  ^InS,  (5)  man- 

ganese sulphate  MnS0.,5fl._,0,  (e)  manganese  alum  K.,Mn.HS0j24H20  < 

2.  100  gm.  of  manganous  oxide  are  heated  to  whiteness  with 
charcoal.  How  much  manganese  and  what  volume  of  carbon 
monoxide  is  formed  ? 

MnO  + C-  Mn  -t-  CO. 

3.  The  specific  heat  of  manganese  is  0H217,  and  from  100  pis.  of 
manganous  oxide  (MnO)  .Marignac  obtained  212‘73  j)ts.  of  man- 
ganous sulphate  (.MnSOJ.  M'hat  is  the  atomic  weight  of  manganese  ! 

4.  According  to  v.  Hauer  manganous  .suli)hate  (MnSO^)  contains 
42‘302  per  cent,  of  oxygen.  AVhat  is  the  atomic  weight  of 
manganese  ? 

5.  481  gm.  of  manganese  ilioxide  are  heated.  What  volume  of 
oxygen  at  15°  C.  is  given  oil  1 

3MnO^,  = M113O4  -t-  O... 
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C.  Wliat  volume  of  oxygen  at  15°  C.  is  oLlaiiuMl  on  lieating 
40  gin.  ol  manganese  dioxide  with  liydvogeu  .sulphate  ? 

MnO„  + ILSOj  = MnSO^  + H.p  + 0. 

/.  "\1  hat  volume  of  air  is  i'e(]uireil  to  oxidize  the  manganese  in 
1000  1.  of  “ red  liquor  ” containing  100  gm.  of  mauganou.s  chloride 
per  litre  'i 

iMnCl,  + HjCaOo  + 0 = CaCE  + lEO  + l\InOo. 

8.  llow  inuch  manganese  dioxide  can  be  made  from  1000  1.  of 
“red  liquor”  containing  0'3gm.  of  manganous  chloride  in  1 ccm.  ? 

MnCLj  + H.X’aO„  + 0 = CaCE  + lEO  + MnO„. 

9.  How  much  available  oxygen  is  there  in  100  gm.  of  (a)  man- 
ganese dioxide,  {$)  sodium  manganate,  (7)  potassium  perman- 
ganate ? 

MnO„  -1-  HoSOj  = ]\[nS04  -1-  H.,0  + 0. 

NaoMnOj  -P  2H..S04  = MnSO^  -p  2li.,0  -P  Na^SOj  -P  0„. 

KjMuoOg  -p  3H„SO.i  = 2M11SO4  -p  3H.p  -p  K'SOj  -P  50. 

10.  What  volume  of  chlorine  can  be  obtained  by  heating  20  gm. 
of  jiyrolusite,  containing  17  per  cent,  of  available  oxygen,  with 
hydrogen  chloride  ? 

MnO.  -p  4IIC1  = MnCE  + 21EO  -p  CE. 

11.  How  much  “manganese”  containing  85  per  cent,  of  the 
dioxide  is  required  to  make  300  lb.  of  chlorine  ? 

MnO„  -p  4HC1  = MnCE  + 2H„0  -P  CE. 

12.  0-4  gm.  of  “manganese”  distilled  with  hydrogen  chloride 
evolved  .suflicient  chlorine  to  set  free  1 gm.  of  iodine  from  potas- 
sium iodide.  What  is  the  percentage  of  real  dioxide  in  the 
sample  ? 

MnO„  + 4HC1  = MnCla  -P  2HoO  -P  Cl..,. 

CE  -P  21vl  = 2KC1  -p  lo. 

13.  What  volume  of  carbon  dioxide  is  evolved  on  mixing  7 gm. 
of  manganese,  dioxide  with  ivater,  hydrogen  oxalate,  and  hydrogen 
sulphate  ? 

MnO„  -P  I-ESO4  -P  C„H.A  = M11SO4  -P  2H..0  -p  2CO„. 

14.  10  gm.  of  “manganese”  mixed  with  hydrogen  sulphate 
oxidized  10 '953  gm.  of  hydrogen  oxalate.  What  is  the  percentage 
of  dioxide  in  the  ore  ? 

MnO.,  -P  C2lI.,04.2H.,0  + II2SO4  = M11SO4  -P  41L.0  -P  2CO„. 
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1.5.  4‘943,5  gm.  of  “manganese  ” warmed  witli  hydrogen  oxalate 
and  siiljilnate  gave  2'IS  gm.  of  carbon  dioxide.  Find  tlio  percentage 
of  real  dioxide  in  tlic  sample  ? 

MnOj  + C„H„0j2H20  + HjSO^  = MnSO^  + 4H„0  + 200^. 

16.  100  gm.  of  sodium  manganate  are  lieatcd  in  steam.  What 
volume  of  oxygen  at  13°  C.  is  set  free  ? 

NaoMnO^  + IRO  = 2IINaO  + MnO„  + 0. 

17.  3 gm.  of  potassium  permanganate  are  dissolved  in  a litre  of 
water.  How  much  available  oxygen  does  1 ccm.  of  the  solution 
contain  ? 

KjMiijOg  + 3II2SO4  = KjSO.,  + M11SO4  + 3II2O  + 50. 

18.  0“2061  gm.  of  crystallized  hydrogen  ox.alate  required  47  ccm. 
of  a solution  of  potassium  jicrinanganate  to  oxidize  it.  How  much 
permangiuiate  was  there  in  1 1.  of  the  solution  ? 

KjMiioOg  + 5CUI2O42H..O  + 31RSO,  = K..SO4  + MnS04  + 

1811,0  + loco,. 


19.  How  much  manganese  dioxide  is  required  to  give  2’7  1.  of 
oxygen  at  14°  C.  and  754  mm.  ? 

3M11O2  = Mnj04  + O3. 

20.  A gram  of  partially  dried  hydrogen  oxalate  gave  492  ccm.  of 
carbon  dioxide  measured  over  water  at  20°  C.  and  757 '4  mm.  Find 
the  percentage  of  water  still  left  in  the  oxalate. 

C,H,04  + MnO,  + I1,S04  = iMiiSOj  + 2H,0  + 2COj. 


CHAPTER  XXXI I. 

Iron,  Fe  = 56. 

1.  How  much  iron  is  there  in  100  gm.  of  (a)  magnetic  iron  ore 
^6304,  (/3)  hematite  Fe,0,,  (7)  brown  hematite  2Fe,03.3H,0,  (5j 
spathic  iron  ore  FeC03,"(€)  iron  pyrites  FeS,,  (C)  magnetic  i)yrites 
1'  C'3S4  ? 

2.  How  many  tons  of  coke  eontaining  97  per  cent,  of  carbon  are 
required  to  reduce  388  tons  of  hematite  1 

FcjOj  + 3C  = SCO  + Fcj. 
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24.  Find  tlie  forniul.a  of  a .substance  containing  iron  19'94,  sul- 
pliur  17 '09,  oxygen  34 '17,  and  water  28‘8  per  cent. 

2r>.  Ammonia  i.s  added  to  a .solution  of  137  gm.  of  cry.stallized 
ferric  nitrate  and  the  precipitate  is  dried.  How  many  grams  does 
it  weigh  ? 

FejGNOj.lSlLO  + 6NH3  = 15H„0  + eNH^NOj  + FcjOj. 

26.  Iron  nitride,  obtained  by  heating  ferrous  chloride  iu  am- 
monia, contains  9 '3  per  cent,  of  nitrogen.  Find  the  formula  of  it. 

27.  Find  the  formula  of  a salt  containing  iron  28,  sulphur  24, 
and  oxygen  48  per  cent. 

28.  Cry.stallizcd  ferric  and  ammonium  .sulphate  and  ferrous  and 
ammonium  sulphate  each  contains  ^ of  its  ma.ss  of  iron.  Find  the 
two  formula;. 

29.  1 463  gm.  of  cry.stallized  ferrous  sulphate  arc  required.  How 
much  iron  must  be  dissolved  in  dilute  hydrogen  sulphate,  and  what 
volume  of  hydrogen  at  13°  C.  is  evolved  ? 

Fe  -I-  H..S04  + 71HO  = FeS047Ho0  -f  II.,. 

30.  What  volume  of  hydrogen  sulphide  at  11°  C.  is  evolved  on 
dissolving  347  gm.  of  ferrous  sulphide  in  hydrogen  chloride  ? 

FeS  + 2HC1  = FeClj  + IRS. 

31.  489  gm.  of  ferrous  sulphide  arc  di.ssolved  in  hydrogen  sul- 
phate. What  volume  of  hydrogen  sulphide  at  17°  C.  is  evolved? 

FeS  + HoSOj  = FeS04  -f  US. 

32.  What  volume  of  .sulphur  dioxide  at  39°  C.  can  be  obtained 
by  passing  air  over  100  gm.  of  red-hot  ferrous  disulphide? 

2FeS.,  -f  110  = Fe.Pa  -f  480,. 

33.  How  many  tons  of  hydrogen  sulidiate  can  be  made  from  10 
tons  of  pyrites  ? 

2FeSj  -l-  150  -t  4H„0  = Fe^Os  -f  4HjSOj. 

34.  Ho\v  much  iron  is  converted  from  a ferrous  to  a ferric  salt 
by  one  gram  of  potassium  (o)  ^permanganate,  (6)  dichromatc  ? 

lOFeSO,  + KoJIiioOg  -t-  8H0SO4  ^ 5Fe.,3SO,  -t  KnSO^  + MnS04  -t-  ShRO. 

6FeS04  -t  KjC'roOy  -f  7IRS04==  3Fe„3S04  -t  K.^SO,-*-  Cr.j3S04-t  71RO. 

35.  3 gm.  of  potassium  (o)  permanganate,  ()3)  dichromatc  arc 
dis.solved  in  a litre  of  water.  To  how  much  iron  is  1 ccm.  of  each 
solution  equivalent  ? 

lOFe.804  -f  Ko^ln.jOg  4-  &c. 

6FeS04  -t-  K2^'r07  + &c. 
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36.  0-2  gm.  of  levigated  iron  dissolved  in  hydrogen  .sulphate 

required  30  ccni.  of  a .solution  of  permanganate  containing  3 gui.  of 
the  .salt  per  litre.  What  i.s  the  pereentage  of  iron  ? ° 

lOFeSO.,  + KoMn.Pg  + &c. 

37.  A .solution  of  O'OS.o  gm.  of  black-band  ironstone  retjuired 
55 '5  ccin.  of  a solution  of  jiermanganate  containing  3 gm.  of  the 
salt  per  litre.  AVhat  i.s  the  percentage  of  iron  in  the  ore '? 

lOFeSOj  -I-  KoAIiioOg  -f  kc. 

38.  3 ccm.  of  a solution  of  ferrous  stilphate  re(juired  22 ’5  cem.  of 
a solution  of  diehromate  containing  4’9  gm.  of  the  salt  per  litre. 
How  much  iron  is  there  in  1 ecm.  of  the  .solution  ? 

6FeS04  + RgCrjOj  + kc. 


39.  Some  steel-grey  ciystals  in  a C'arinthian  hlast-furnacc  were 
found  to  contain  iron  76 '23,  and  oxygen  23 ’76  per  cent.  Find  the 
lormula  of  the  oxide. 

40.  Find  tiie  formula  of  a .salt  containing  iron  4375,  sulphur 
1875,  and  oxygen  37'5  jier  cent. 

41.  1-25  gm.  of  lerric  oxide,  when  reduced  by  hydrogen  and  dis- 
solved in  (Hlutc  acid^  gave  382'6  com.  of  hj’drogeu  measured  over 
\\ater  at  Ic  C.  and  750  mm.  Find  the  atondo  weight  of  iron. 

FC..O3  + 6H  = 3II.,0  + Fe„. 

2Fe  -f-  41IC1  = 2FeClj  + 2Hj. 


42.  10  gm.  of  fci  1 ous  oxalate  heated  in  hydrogen  gave  a mixture 
of  iron  and  ferrous  oxide.  The  ])roduct  di.s.solved  in  acid  gave 
300  cem.  ol  hydrogen  measured  over  water  at  10°  C.  Find  the 
pereentage  of  iron  and  of  ferrous  oxide  in  the  rc.sidue. 


Fer.,042IR0  = 2H„0  + CO.,  + CO  -f  FeO. 
FeCHl42H.,0  = 2H:,0  -t-  2CO.,  -f  Fo 
Fe  + 2HC1  = FeCl,.  -f  H^.  " 


43.  10758  gm.  of  a .sample  of  Swedish  steel  gave  (a)  0-2872  r^m 
of  carbon  dioxide,  (0)  0'004  gm.  of  barium  sulphate,  (7)  O'Oll  mu' 
of  graphite,  (5)  0-006  gm.  of  silica,  and  (t)  0-018  gm.  of  mangauoso' 
manganic  oxide.  Calculate  the  percentage  comiiositiou. 
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CHAPTER  XXXIII. 

Nickel,  Ni  = 58. 

1.  AVliat  volume  of  carbon  monoxide  at  1200°  C.  is  set  free  in 
reducing  764  gm.  of  nickelous  oxide? 

NiO  + C = Ni  + CO. 

2.  AVhat  volume  of  lij’drogen  at  17°  C.  is  required  to  reduce 
10  gm.  of  nickelous  oxide  ? 

NiO  + Ho  = H^O  + Ni. 

3.  How  much  mercuric  oxide  is  required  to  precipitate  20  gm.  of 
nickel  as  nickelous  oxide? 

NiCl.^  + HgO  = llgCla  + NiO. 

4.  What  volume  of  nickel  tetracarhonyl  at  43°  C.  can  be  formed 
from  11  '6  gm.  of  nickel  ? 

Ni  + 4CO  = Ni(CO)4. 

5.  200  ccm.  of  nickel  tetracarhonyl  at  52°  C.  are  heated,  how 
much  nickel  and  what  volume  of  carbon  monoxide  at  180°  C.  are 
set  free  ? 

Ni(CO)j  = Ni  + 4CO. 

6.  A thin  hot  sheet  of  iron  a decimetre  square  is  dijqied  into 
petroleum  containing  12  ccm.  of  liquid  nickel  tetracarhonyl  (A  1'3) 
in  solution.  How  thick  is  the  deposited  nickel  (A  8 6)  ? 

Ni(CO)j  = Ni  + 4CO. 

7.  Find  the  percentage  composition  of  pota-ssium  and  nickel 
nitrite  NiK4(N02)o. 

8.  What  is  the  formula  of  a suh.stanco  containing  nickel  31 T5, 
hydrogen  3'18,  nitrogen  14’84,  sulphur  16'95,  and  oxygen  33'88 
per  cent.  ? 


Cobalt,  Co  = 59. 

9.  Find  the  formula  of  a substance  containing  cohalt  35 "54, 
arsenic  45T8,  and  sulphur  19 '28  per  cent. 

10.  What  volume  of  hydrogen  at  15°  C.  is  required  to  reduce 
100  gm.  of  cohaltic  oxide  ? 

C02O3  + 6H  = 3H„0  + 2Co. 
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11.  100  gill,  of  oobaltous  o.xalato  aro  heated.  "What  vohime.s  of 
carbon  dioxide  and  of  .steam  at  1500°  C.  and  liow  mneli  cobalt  is 
formed  ? 

CoC'.j042H„0  = Co  + 2H„0  + 200,. 

12.  "Wliat  volume  of  chlorine  at  14°  C.  i.s  required  to  iireeinitato 
1000  gin.  ol  cobalt  in  presenee  of  barium  carbonate  as  cobaltic 
oxide  ? 

2CoCl,  + 3BaC03  + Cl„  = 3BaCl„  + 3CO.  + C0.O3. 

13.  Calculate  the  percentage  composition  of  pota.ssium  cohalti- 
cyanido  (KgCo.CjoiSrij). 

composition  of  roseo-cobaltic  chlorido 

(L  OoU,;.  10^  H3. 

'■ol'iiiio.  of  bromine  (A3)  is  required  to  precipitate 
oxiefe  ?’  ° presence  ot  barium  carbonate  as  cobaltic 

2C0CI0  + 3BaC03  + Bio  = 2BaC'U  + BaBi,  + 3CO„  + CooOj. 

10.  A\d, at  volume  of  chlorine  at  26°  C.  and  740  mm.  is  given  off 
on  boiling  10  gm.  of  cobaltic  oxide  with  hydrogen  chloride  ? 

CojOa  + 6IIC1  = 3II„0  + 2C0CI0  + Cl,. 


"‘‘is"' 

!■'.  0 / gm.  of  cobalt  gave  202'3  cem  of  liv.i...,,,  , 

over  water  at  20°  C and  750  mm  \vi  * ''>o'ogen  mea-siired 
the  metal  ? weight  of 

Co  + 2HC1  = CoClo  -t-  Ho. 

hat  percentage  of  cobalt  was  there  in  tlie  impure  i,retTl  ? " 

2C.CI.  + 2IIC,H  A + I2KNO,  + 0.  ..KCI  + 11,0  + 2KC.1I.O,  + 

COoK3(NO.,),o.  - 3 .-I 
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CHAPTER  XXXIII. 

Nickei,,  Ni  = 58. 

1.  What  volume  of  carbon  monoxide  at  1200°  C.  is  set  free  in 
reducing  764  gm.  of  nickelous  oxide? 

NiO  + C = Ni  + CO. 

2.  What  volume  of  hydrogen  at  17°  C.  is  required  to  reduce 
10  gm.  of  nickelous  oxide? 

NiO  H-  H„  = H,,0  + Ni. 

3.  How  much  mercuric  oxide  is  required  to  precipitate  20  gm.  of 
nickel  as  nickelous  oxide  ? 

NiClo  + HgO  = IlgCln  + NiO. 

4.  What  volume  of  nickel  tetracarhonyl  at  43°  C.  can  be  formed 
from  11  '6  gm.  of  nickel  ? 

Ni  + 4CO  = Ni(CO)4. 

6.  200  ccra.  of  nickel  tetracarbonyl  at  52°  C.  are  heated,^  how 
much  nickel  and  what  volume  of  carbon  mono.xidc  at  180°  C.  are 
set  free  ? 

Ni(CO)4  = Ni  + 4CO. 

6.  A thin  hot  sheet  of  iron  a decimetre  square  is  dipped  into 
petroleum  containing  12  ccm.  of  liquid  nickel  tetracarbonyl  (A  1'3) 
in  solution.  How  thick  is  the  deposited  nickel  (A  8'6)  ? 

Ni(CO)4  = Ni  + 4CO. 

7.  Find  the  percentage  composition  of  potassium  and  nickel 

nitrite  NiK4(N02V  . . ire 

8.  What  is  the  formula  of  a substance  containing  nickel  31 '15, 
hydrogen  3T8,  nitrogen  14-84,  sulphur  16'95,  ami  oxygen  33'88 
per  cent.  ? 


ConAET,  Co  = 59. 

9.  Find  the  formula  of  a substance  containing  cobalt  35-54, 
arsenic  45-18,  and  sulphur  19-28  per  cent. 

10.  What  volume  of  hydrogen  at  15°  C.  is  required  to  reduce 
100  gm.  of  cobaltic  oxide  ? 

• CojOj  + 6H  3H„0  + 2Co. 
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11.  100  gill,  of  ooballoiiso.xalato.irn  lioated.  lVh.it  vohmins  of 
carbon  dioxulo  and  of  steam  at  1500"  C.  and  how  much  cob.ilt  is 
formed  ? 

C0C.P42IJ5O  = Co  + 21 LO  + 2C0,. 

moo'  at  14°  C.  is  required  to  iirccinit.ite 

oxi  le  ?"*'  ^ P'''-’senoe  of  barium  carbonate  as  cobaltic 

2C0CL  + 3B.1CO3  + CL  = 3BaCL  + 3CO,  + ('0,03. 

cyani(lofir.Co*^C^N  <^o'i'position  of  pot.i.ssium  cojbalti- 

(cici,!  composition  of  roseo-cob.iltic  chloride 

15.  \vhat  volume  of  bromine  (A3)  is  required  to  i.recinit.itc 

oxid^T  ° presence  ot  barium  carbonate  .-is  cobaltic 

2C0CI0  + 3BaC03  + Jji'2  = 2BaCL  + BaBr„  + 3CO„  + Co„03. 

16.  Wlnit  volume  of  chlorine  at  26°  C.  and  740  mm.  is  oiven  off 
on  boiling  10  gm.  of  cobaltic  oxide  with  hydrogen  chloride'll 

C03O3  + CIICl  = 3II„0  + 2CoCl,  + CL. 


'J;  S;'”! 

l.b  0 / gm.  ol  cobalt  gave  202'3  com  of  liv,iv« 
over  water  at  20°  C.  and  756  mm  IV)  -1  ; jti  ^ I ^ “ nie.xsured 
the  metal  ? " ^ ^ atomic  weight  of 

Co  + 2HC1  = CoCl,,  + ir„. 

^.otLim^acet.lfe’3'r^^^  "-ith 
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CHAPTER  XXXIV. 

C II  K 0 M I U M,  Cr  = .'>2. 

1.  Find  tlio  percentage  eomposition  of  (a)  cliroine  ironstone 
(CrjOjFeO),  (/3)  chroinic  oxide  (Cr^Oa). 

2.  163  gin.  of  chroinic  oxide  are  heated  with  .sugar -charcoal. 
How  much  chromium  is  formed,  and  what  volume  of  carbon  mon- 
oxide at  26°  C.  is  evolved  1 

Cr„03  + 3C  = 3CO  + Cr.„ 

3.  How  many  grams  of  sodium  in  vapour  must  be  passed  over 
147  gm.  of  chromic  chloride  and  how  much  chromium  is  formed  ? 

CrnCIj  -f  6Na  = 6NaCl  -f  Cr„. 

4.  How  much  zinc  is  required  to  reduce  400  gm.  of  chromic 
chloride  mixed  with  potassium  and  sodium  chloride.s,  and  how  much 
chromium  is  set  free  ? 

Cr.jClg  -I-  3 Zn  = SZiiCU  Cio. 

5.  100  gm.  of  mercurous  chromate  are  heated.  How  muct 
chromic  oxide  is  formed  and  what  volume  of  oxygen  is  given  off? 

2Hg._,Cr04  = 4Hg  CioOg  -t-  50. 

6.  1000  gm.  of  potassium  dichromate  are  dissolved  and  reducec 
by  .sulphur  dioxide.  On  adding  ammonia  and  heating  the  jirecipi 
tate  how  much  chromic  oxide  is  formed  ? 

KoCroOy  -I-  3SOj  -f  II„S04  = KoSO^  H.,0  -f  ( YoOSOj. 

■ Cr„3S04  -I-  6(NHjHO  = 3H„0  -P  OfNHjl^SO;  -I-  Cr.,03. 

7.  A substance  contains  chromic  oxide  54’67,  and  water  45'3! 
per  cent.  Find  its  formula. 

8.  Find  the  formula  of  a substance  containing  potassium  27 '07 
chromium  12,  carbon  16'62,  and  oxygen  44'31  per  cent. 

9.  How  much  chromic  sulphide  can  be  obtained  from  100  gm.  o 
chromic  oxide,  and  what  volume  of  carbon  dioxide  at  210°  U.  i 
evolved  ? 

2( '1-303  -I-  3CS2  = 2Cr„S3  -f  SCO.. 

10.  10  gm.  of  lead  chromate  are  heated  with  fluorspar  and  hy 
drogen  si  Iphate.  What  volume  of  chromium  he.xafluoride  a 
21°  C.  is  obtained  ? 

PbCr04  + 3CaF.  + 4lIjS04  = 4II.0  + PbS04  -f  3CaS04  -t  Crl'V 
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lU  How  many  timo.s  i.s  tliu  vajioiir  of  oliiomium  liexalliioridu 
((.  rl'ij)  Iieavier  tliaii  air  ? 

12.  hat  ^oluine  ot  cliloriiie  at  17°  C.  ami  SOO  mm.  i.s  reiiuircal 
to  convert  407  gm.  of  cliromic  oxiile  into  cliromic  chloride  ? 

Cr.Oa  + 6C1  +30  = SCO  + CrX'lo. 

13.  21  I.  of  chlorine  .at  12°  C.  .are  p.os-sed  over  a heated  mixture 
ol  chromic  oxide  and  charcoal.  How  much  chromic  chloride  i.s 
loriiied  ? 

6C1  + Cr„03  + 3C!  = SCO  + ('r.Cls. 


14.  M'hat  volume  of  hydrogen  .at  15°  C. 
100  gm.  of  chromic  to  chromous  chloride  ? 


is  re(iuired  to  reiluce 


Creels  + lU  = 2HC1  + 2CrCl.. 

15.  According  to  Peligot  100  gm.  of  chromous  chloride  (CrCI.,) 
n 5/  '0  (jm.  ol  chlorine.  AVlmt  K o .....7  ...-1 . i.  _ t* 
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CO.  .cccoiuing  10  reiigot  100  gm.  of  chromous  chloride  (CrCI.,) 
En.'iuinV''  the  atomic  weight  o'f 

10.  According  to  .Siewert  30-865  parts  of  chromic  ehlorhle  give 
pts.  ol  .Sliver  chloride,  hind  the  atomic  weight  of  chromium? 

Cr„Cl„  + O.AgNOj  = Cr.jOXOa  + OAgCl. 

iron'  chrome-.alum  is  formed  hy  mixing  a .solution  of 

-'l->-^‘te  ami 

K.,Cr.,0,  + SCJloO  + 4IR.SO4  + 17IRO  = 3C.H.0  + 

KaCrnSOj-idHoO.  ■ - 

o.Cj;  co,„i„.itio„  Of 


C11R0.MIU.M  Ti'.ioxiDK,  CrOa  = 100. 

io\l  ",7d™S, 

2F.Cr,0.  + 3K,C0,  + CiO  + 70  = 3K.C1O.  + C.CrO.  + Fe.O,  + SCO.. 

oa&?‘cVHfo; : sk-cIo,  ' 
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water  and  10  <,nn.  .salt)  tliat  tlio  add  fonned  may  have  the  compoHi- 
tion  (o)  H.BO4H0O,  (/3)  C5  % of  real  add,  in  wliidi  cliroiniuni  tri- 
oxide  i.s  nearly  in.sohible  ? 

IvoCr.Dy  -4-  II0SO4  = IvgSOj  + 11., 0 + 2C1O3. 

21.  llow  much  ammonium  dichromatc  can  he  made  from  100( 
gm.  of  i)otassium  dichromate  ? 

KoCroOj  + H.,S04  = K2SO4  + H.,0  -f  2C1O3. 

2C1D3  ■+  2NH3  + H.,0  = (NH4)2CrjO;. 

22.  AVhat  volume  of  oxygen  at  30°  C.  is  given  ofl'  on  heatin< 
70  gm.  of  chromium  trioxidc  ? 

2C1O3  = Cr^Oa  + 30. 

23.  How  much  ])ota.ssium  dichromate  must  be  heated  wit! 
hydrogen  sulphate  to  make  15  1.  of  oxygen  at  15°  C.  ? 

K,.Cr.307  + 4II3SO4  = K..SO4  + Cr„3S04  -f  4H..0  -f  30. 

24.  10  gm.  of  chromium  trioxide  are  heated  with  hydrogen  chic 
ride.  What  volume  of  chlorine  at  26°  C.  and  800  mm.  i.s  evolved 


2Cr03  + 12HC1  = 611,0  + CisClg  + 3C1,. 

25.  Find  the  percentage  composition  of  potassium  chlorochromat 

(KCIC1O3). 

26.  Find  the  formula  of  a sub.stance  containing  potassium  19'8- 
chromium  39'57,  and  oxygen  40'58  per  cent. 

27.  10  gm.  of  chromium  trioxide  when  heated  left  7 '6  gm.  ( 
chromic  oxide.  What  i.s  the  atomic  weight  of  chromium  ] 

2Cr03  = Cr.303  + 30. 

28.  According  to  Berlin  100  gm.  of  lead  nitrate  gave  97 '576  gn 
of  lead  chromate.  Find  the  atomic  weight  of  chromium. 


Pb2N03  + K„Cr04  = 2KNO3  + PbCr04. 


29.  How  much  available  oxygen  i.s  there  in  1 gm.  of  (a)  cliromiu 
trioxide,  {$)  potassium  dichromate  ? 


2Cr03  + 3H,.‘304  = Cr„3S04  + 311., 0 + 30. 

K,Cr..O~  + 4H„'S04  = Cr,3S04  + K,S04  + 4H,0  4-  30. 

30.  10  gm.  of  pota.ssium  dichromate  are  di.ssolved  in  a litre 
water.  1 ccm.  of  the  solution  (a)  contains  how  much  availal 
oxygen,  {0)  oxidizes  how  much  iron,  (7)  ju'ecipitates  how  mu^ 

■ KoCroOj  -f  4H,S04  = Cr„3S04  + K..SO4  + 4H..0  -f  30. 
K„Cr.,0-  + OFCSO4  -t-  7ILSO4  = 0r.,3S04  + K-.RO4  -f  3Fe,3.S04  + / H„( 
K.Xt.;o1  + 2Pb2N03  + 11„0  = 2KN03  + 2IINO3  + 2PbCr04. 
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31.  ’Whiit  voluinu  of  sulphur  ilio.xiilo  at  15°  C.  ami  780  inni.  i.s 
re(iuired  to  reduce  47  gm.  of  potas.sium  dicliiomate  * 

K.jUr„07  + 3SO„  + IUSO4  = CivSSOj  + K0SO4  + I HO. 

32.  20  gm.  of  potassium  dichromate  are  heated  with  hydrogen 
o.xalate  and  sulphate.  What  volume  of  carbon  dioxide  at  30°  C.  is 
given  off '! 

K,Cr,0,  + 5H.,S04  + 3CoH.,0,  = 2H  KSO4  + Cr„3S04  + 7H,0  + OCO^. 

33.  M’hat  volume  of  nitrogen  at  13°  C.  and  7S0  mm.  i.s  evolved 
on  heating  126  gm.  of  ammonium  dichromate,  and  how  much 
chromic  o.vide  i.s  left  f 


(NH4)X'i207  = Cr.03  + 4Ih,0  + K„. 

^ 34.  What  volume  of  nitrogen  measured  over  water  at  30°  C.  and 
/40  mm.  is  evolved  011  heating  70  gm.  of  ammoniuin  dichromate  ? 

(Xirj)2Cr30~  =r  C12O3  + 4IL.0  + 2X. 

35.  Mliat  volume  of  nitrogen  at  13°  C.  and  740  mm.  is  evolved 
on  boiling  100  gm.  of  potassium  ilichromate  with  equal  quantities 
of  ammonium  and  sodium  nitrates  ? 


k..Cr„Oy  + 4NH^X03  + 4NaNOa  = 5H„0  + 2KNO,  + 4NaNO.,+ 

n„C'rA  + 4N.  " 

1 Jv  of  chromyl  dichlorido  (a  17)  can  be  obtained 

by  distilling  23  gmi.  of  sodium  chloride  with  potassium  dichromate 
and  hydrogen  sulphate  ? 

4NaCl  + KX’roO;  + 3IXSO4  = 2Na3SO^  + K.3SO4  + 3H„0  + 2CrO.,Cl.. 

3/.  Ihe  vapour  of  20  ccm.  of  chromyl  dichloride  (A  17)  hs 
pa.s.sed  through  a red-hot  tube.  How  much  chromic  oxide,  and 
what  volumes  of  oxygen  and  of  chlorine  at  6°  C.  are  formed  ? 

2CrOjCl.j  = Cr„03  -f-  4C1  -f  0. 

heSielnTL^aiZ?  oln'ornyl Llicmoride  (CrOXU) 
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CHAPTER  XXXV. 


Tin,  Sii  = 118. 


1.  Find  the  ])fir(;cnta"e  (‘oinpo.sitiou  of  tin.stone  (SnO.^). 

2.  Find  the  formula  of  tin  jiyritcs,  wliich  contains  copiier  29 '53, 
iron  13 '07,  tin  27 ’53,  and  suliilmr  29 '86  per  cent. 

3.  How  much  charcoal  is  required  to  reduce  1000  kilo,  of  tin- 
stone, and  what  volume  of  carbon  monoxide  at  15“  C.  is  set  free  'I 

SnO.  + 2C  = Sn  -f  2CO. 

4.  100  gm.  of  tin  wore  heated  with  hydrogen  nitrate.  .The 
stannic  oxide  after  ignition  weighed  127T  gm.  AVhal  is  the 
atomic  weight  of  tin  ? 

.Sn  + O.j  = SnO._,. 


5.  10  gm.  of  tin  were  boiled  with  hydrogen  chloride  ; when  1T21. 
of  hydrogen  had  been  given  oil  the  tin  was  found  to  wcigli  4T  gm. 
AVhat  is  the  atomic  weight  of  tin  ? 

Sn  -I-  21IC1  = SnClo  -f  lU. 


6.  What  volume  of  air  at  13°  C.  is  re.piired  to  convert  590  gm. 
of  tin  into  the  dioxide  ? 

Sn  "h  Oo  = SnO^. 

7.  17  gm.  of  tin  were  dissolved  in  sodium  hydrate.  hat 
volume  of  hydrogen  at  15°  C.  was  evolved  ? 

Sn  -f  2HNaO  + H„0  = NaoSnOj  -t-  2IL. 

8.  200  gm.  of  tin  are  dis.solvcd  in  hydrogen  chloride.  How  much 
sodium  carlionate  must  be  added,  and  how  much  stannous  oxide  can 
be  obtained  ? 

SnCU  + Na.,C03  = 2NaCl  + CO.,  + SnO. 

9.  Find  the  percentage  composition  of  stannous  metastannate 
(SnIl3.Sn,0,,)? 


10.  Find  the  formula  of  a substance  containing  sodium  16-2,  tin 
41 '56,  oxygen  10 ’9,  and  w.ater  25 ‘34  per  cent. 

11.  Find  the  formula  of  a substance  containing  hydrogen  0'S4, 
tin  74'00,  and  oxygen  25T  per  cent. 
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12.  IJow  much  “tin-.salt.s”  ‘iiid  wliat  voluiuo  of  livdroijen 
inoa-suml  over  water  at  13°  C.  aii.l  780  imn.  are  formed  on  di.s.solvintj 
230  gin.  of  tin  in  hydrogen  cliloride  ? 

Sn  + 2HC1  + 2H..0  = S11CL2IT2O  + 

13.  40  gin.  of  bromine  are  converted  into  hydrogen  bromide 

which  IS  i)as.sed  over  heated  tin.  'What  volume  of  hydrogen  at 
15  C.  IS  set  free?  • ” 

2HBr  + Sn  = SnBr,  + H,. 

14.  ■\Vhat  volume  of  ga.seous  liydrogen  chloride  at  60°  0 is 
required  to  convert  50  gm.  of  tin  into  stannous  chloride  ? 


Sn  + 2HC1  = SuCh  + H„. 

15.  Find  the  formula  of  a .substance  containing  nitroo’cn  7 '63 
hydrogen  2T7,  tin  32-16,  and  chlorine  58 ‘03  per  eent 

chlorine  at  26»  C.  is  absorbed  in  converting 
1000  gm.  of  tin  into  the  tetrachloride  ? 


Sn  + 4C1  =:  S11CI4. 

cliloride  is  9-199  times  a.s  heavy  a.s  air, 
and  that  of  stannous  chloride  13  08  times  a.s  heavy.  the 

double-densities  of  these  vapours  referred  to  hydrot'en. 

sul,lm  Si?pe?cenf  containing  tin  64-84  and 

19.  ■\Vhat  volume  of  hydrogen  .siil].hide  at  26°  C.  is  required  to 
throw  down  the  tin  from  a solution  of  110  gm.  of  “tin-.salts  ” ? ^ 

SnCl„2HoO  + HoS  = SnS  -t-  211C1  + 2II..O. 

20.  9gm.  of  tinare  dissolved  in  aqua  regia.  What  volume  of 
tliem°P^^  sulphide  at  15  C.  and  770  mm.  is  required  to  preciiiitate 

SnCU  -f  2II„S  = 4HC1  + SnS„. 

10°  P J'cated  in  200  ccni.  of  hydrogen  sulphide  at 

C.  and  740  min.  How  much  does  the  tin  increase  in  mass  ? 

Sn  ir„S  = 1I„  -f  SnS. 

ccm.  of  a solution  of  stannous  chloride  mixed  with  excess 
of  ferric  chloride  required  47  ccm.  of  a solution  of  pota.ss  urn  LT 
^anganate  containing  3 gm.  of  the  salt  per  litre  ? How  m ich  t n 
was  there  in  1 ccm.  of  the  solution  ? 

SnCl._,  -f  Fe.,Clu  = SnPlj  -f  2FeCl. 

KoMiuOj,  -f  lOFet'l..  -I-  &c.  '' 
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Lead,  Pb  = 207. 


1.  Find  the  percentage  of  lead  in  (a)  galena  PbS,  (;3)  cerussite 
PbCOj,  (7)  anglesite  PbSOj. 

2.  1200  kilo,  of  galena  when  roasted  are  converted  half  into 
oxide  and  half  into  snl[ihate.  How  much  unaltered  galena  i.s  re- 
quired 1 How  much  lead  and  what  volume  of  sulphur  dioxide  at 
15°  C.  are  formed  ? 


4PbS  -1-  140  = 2PbS04  -V  2PbO  -V  2SO.,. 

2PbSO^  + 2PbS  = 4Pb  + 4SOj. 

2PbO  PbS  = 3Pb  + SO. 

3.  846  kilo,  of  ceru.ssite  are  roasted  to  litharge.  How  much  carbon 
is  required  to  reduce  it  ? How  much  lead  and  what  volume  of  carbon 
monoxide  at  13°  C.  is  fonned  1 

PbCOg  = PbO  -f  CO...  PbO  + C = Pb  -f  CO. 

4.  How  much  litharge  can  be  obtained  from  40 ‘5  kilo,  of  lead,  and 
what  volume  of  oxygen  is  absorbed  in  the  proce.ss  ? 

Pb  + 0 = PbO. 


5.  W'hat  volume  of  air  is  required  to  convert  07 ‘1  kilo,  of  lead 
into  litharge  ? 

Pb  + 0 = PbO. 


6.  Berzelius  found  that  100  gm.  of  litharge  (PbO)  contain  7 ’1724 
gm.  of  oxygen.  Find  the  atomic  weight  of  lead. 

7.  "What  volume  of  hydrogen  at  39°  C.  is  rcMpiired  to  reduce 
74  gm.  of  litharge  ? 

PbO  I-  IL  = H.,0  + Pb. 

8.  How  much  silica  must  bo  fused  with  1000  gm.  of  litharge  to 
form  lead  silicate  ? 

PbO  + SiO,  = PbSiOj. 

9.  What  volume  of  oxygen  at  13°  C.  is  absorbed  in  forming 
1000  gm.  of  red-load? 

3Pb  -I-  40  = PbjOj. 

10.  How  much  red-lead  must  be  heated  to  give  472  ecm.  of 
oxygen  at  21°  C.  and  780  mm.  ? 

FbaOj  = 3PbO  + 0. 
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11.  Acponliiig  lo  DiiiiiM  100  fiiii.  of  rcd-le.'ul  when  lieiitoil  givi; 
2’4  gin.  of  o.xygcn.  Find  the  foniinhi  of  reiMoad. 

(PbO)„(rbO.,)„.  = (PbO)„.  + ,.  + 0,„. 

12.  How  mudi  load  dioxide  can  be  obtained  from  20  gm.  of  lead 
nitrate  1 

Pb2NOa  + CaOCl.,  + IHO  = 2IIC1  + Ca2NOs  + PbOj. 

13.  Find  the  formula  of  C'a.s.sel  yellow,  wbicb  contains  lead  90  05, 
chlorine  3 ‘86,  and  oxygon  6 09  per  cent. 

11.  Lead  iodide  is  .soluble  in  190  time.s  its  ma.ss  of  hot  water. 
How  much  potassium  iodide  and  lead  nitrate  mu.st  be  dis.solyed  in 
250  com.  of  water  that  the  precipitate  may  redi.ssolve  on  boiling? 

Pb2NOa  d-  2KI  = 2KXO3  + Pbl.. 

15.  5 gm.  of  lead  chloride  gave  5'lGgm.  of  silver  chloride.  bat 
is  the  atomic  weight  of  lead  ? 

PbCU  + 2AgXOa  = Pb2X03  + 2AgCl. 

16.  100  gm.  of  lead  nitrate  are  heated.  AVhat  volume  of  nitrogen 
tetroxide  at  150’  C'.  and  730  mm.  i.s  evolved  ? 

PIJ2XO3  = PbO  + 0 + 2X0.3. 

17.  According  to  Sta.s,  100  gm.  of  lead  form  159 ‘9703  gm.  of  lead 
nitrate.  "What  is  the  atomic  weight  of  lead  ? 

Pb  + 2HXO3  = II3  + Pb2X03. 

18.  Find  the  formula  of  a sub.stance  containing  carbon  7 '96, 
hydrogen  0'99,  oxygen  lO'Ol,  lead  08'66,  and  chlorine  11 '79 
per  cent. 

19.  Find  the  jiercentage  composition  of  lead  chromate,  PhCrOj. 

20.  A .substance  contains  lead  monoxide  76’69,  and  eliromiiim 
trioxide  23 ‘31  jier  cent.  Find  its  formula. 

21.  "Water  from  a leaden  cLstern  3 m.  by  2 m.  liy  1 m.  gave  on 
evaporation  with  hydrogen  sulphate  113  gm.  of  lead  sulphate 
PbSOj.  Find  the  ])ereentago  of  lead  in  the  water. 

22.  187  gm.  of  leail  sulphate  are  boiled  with  sodium  carbonate. 
How  much  lead  carbonate  is  formed  ? 

PbSOj  f-  Xa.,C03  = XajSO,  + PI.CO3. 

23.  47  gm.  of  litharge  are  dis.solved  in  sodium  hydrate.  What 
voluine  of  hydrogen  sulphide  at  17’  C.  and  790  mm.  is  reipiired  to 
preci]iitate  them  ? 

PbO  i-  H.,8  = 11  „0  P PbS. 


12-1 


COPPER. 


[OUAl>.  XXXVII. 


24.  Wliat  volume  of  carbon  dioxide  at  83”  C.  and  713  nini.  is 
evolved  on  heating  09  gin.  of  lead  carbonate  ? 

PbCOa  = PbO  + COo. 

2r>.  Find  the  iierccntago  of  lead  in  cry.stallized  load  acetate 
Pb(CjH;,0j)23140. 

26.  How  much  litharge  and  what  volume  of  ])yroligueou.s  acid 
(A  1-052),  containing  40  per  cent,  of  real  acid,  is  reiiuired  to  form  a 
kilogram  of  lead  acetate  '! 

PbO  + 2HCoH30;.  + 2ILO  = Pb(CjIl302)„3H,0. 

27.  1000  gm.  of  lead  carbonate  are  di.s.solved  in  acetic  aoi<l.  How 
much  lead  acetate  and  what  volume  of  carbou  dioxide  at  14°  C.  and 
740  mm.  i.s  formed  ? 


PbCOa  + 2HCjr303  + 2HnO  = Pb(CjH30J,3H,0  -f  COo. 

28.  What  volume  of  carbon  dioxide  at  26°  C.  i.s  evolved  on  di.s- 
•solviug  487  gm.  of  “ white-lead”  in  hydrogen  nitrate? 

PbIl20o2PbC03  -f  6IINO3  = 4H„0  -f  3Pb2N03  2CO,. 

29.  Carbon  monoxide  is  led  over  100  gm.  of  hot  lead  chloride. 
What  volume  of  carbonyl  chloride  at  15°  C.  i.s  formed  ? 

PbClo  -f  CO  = Pb  -f  COClo. 


30.  100  gm.  of  “white-lead”  boiled  with  dilute  hydrogen  nitrate 
gave  6 1.  of  carlion  dioxide  at  15°  C.  I’^ind  the  iiercentage  of  lead 
carbonate,  lead  hydrate,  and  imimrity  in  the  .sample. 

PbIl30„2PbC03  -t61IN03  = 3Pb2N03  -f  4IIoO  -I-  2CO.. 

31.  Find  the  formula  of  a sub.stance  containing  lead  77'53,  carbon 
17 '98,  and  hydrogen  4 '49  per  cent. 

32.  What  volume  i.s  occiijiie.l  by  the  vapour  of  4 gm.  of  plumbic 
etliidc  Pb(C„H5)3  measured  at  300°  C.  and  740  mm.  ? 


CHAPTER  XXXVII. 

CoPi'i'.R,  Cu  = 63'3. 

1.  What  is  the  percentage  composition  of  (a)  my.sorin  C11CO4, 
(0)  malachite  C11CO3.  HoCuOo,  (7)  azurito  H2CUO22CUCO3. 

2.  Find  the  formula  of  a substance  containing  copper  36-11, 
.silicon  15-97,  oxygen  27-38,  and  water  20-54  per  cent. 
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3.  ]00f^In.  of  cuin-ic  suliiliatc  arc  warmed  with  ]iota.ssium 
liydrate  and  grape-sugar.  How  much  cuprous  oxide  precipitates  ? 

2CuSOj5H.O  + 4HKO  = 2K„S04  + 12H„0  -f  0 -t-  CiuO. 

' 4.  /O  gra.  of  cuprous  chloride  iu  hydrogen  chloride  are  poured 

t into  sodium  hydrate.  How  much  cuprous  hydrate  jwecipitates  ? 

I 4CU2CI.J  -f  8HNaO  = 8NaCl  + 31I„0  -t  4CU2O.H2O. 

5.  How  much  cupric  oxide  is  formed  on  heating  1467  gm.  of 
co])per  in  air,  and  what  volume  of  air  is  required  ? 

t’u  0 = CuO. 

6.  1-3305  gm.  of  co]i])er  when  heated  in  oxygen  gave  1-6675  gm. 
of  cupric  oxide.  AVhat  is  the  atomic  weight  of  copjicr  ? 

Cu  -f  0 = CuO. 

7.  10  1.  of  hydrogen  at  30°  C.  are  j)asse<l  over  hot  cupric  oxide. 
How  much  copper  is  set  free,  and  what  volume  of  steam  at  300°  C 
is  formed  ? 

CuO  -I-  Ho  = Cu  + H.^O. 

, '’y  electricity  in  a litre  of  air 

at  10  C.  How  much  copper  oxide  is  formed  ? 


Cu  + 0 = CuO. 

9.  100  gm.  of  copper  turnings  arc  wai'med  with  potassium  chlorate 
and  hy,  rogen  chloride.  AVhen  three-fourths  of  the  copiier  is 
dussolved  the  .solution  is  poured  into  water.  How  much  cuprous 
chloride  precipitates  ? 

Cuo  -f  Cla  = CiuCL. 

10  40  gin.  of  cupric  chloride  are  di.s.solved  in  ammonia  and 
digested  on  metallic  cojiper.  How  much  copper  dissolves  and  how 
much  cuprous  chloride  is  formed  1 

CnCI,.2U.,0  -f  Cu  = Cu,Cl.a  -f  211^0. 

‘■•uprous  chloride  is  6-93  times  as  heavy  as  air 
xiiid  it.s  double  density  relerrcd  to  hydrogen 

. 12.  What  volume  of  chlorine  at  13°  C.”aiid  740  mm.  is  absorbed 
in  converting  100  gm.  ol  copper  into  cupric  chloride  '! 

Cu  + C1.2  = C'uCl.,. 

13.  Find  the  formula  of  a body  containing  cupric  oxide  53-6 

cupric  chloride  30-2,  and  water  16-2  per  cent.  ^ ’ 
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14.  I'iiul  the  formula  of  a suh.staiicc  coutainiiiK  coi)uer  56'12 
sulphur  7-09,  o.xygeu  24 '82,  ami  water  11  ‘97  per  cent. 

_ lo.  )V  hat  volume  of  hydrogen  snlj.hide  at  30°  C.  and  800  mm. 
IS  re(imred  to  throw  down  the  copi)er  from  a solution  of  100  sm.  of 
lilue  vitriol  ? ^ 


CiiSOj.SIUO  + 11. jS  = 5IRO  + IRSO^  + CmS. 

16  1000  gm.  of  copper  are  dissolved  in  hvdrogen  sulphate.  How 
much  hliie  vitriol  and  what  volume  of  sulphur  dio.xide  at  13°  C is 
formed  1 

Cu  + 2II.jS04  + 311,0  = CiiS0451h,0  + SO,. 

17.  What  volume  of  hydrogen  .sulphate  (Al’84)  and  mass  of 
copper  are  required  to  give  30  1.  of  sulphur  dioxide  ? 

Cu  + 211,804  = CiiSOj  + 2H,0  + SO., 

18.  A cuiTciit  of  electricity  is  pa.s.scd  through  acidulated  water 
and  cojipcr  sulphate.  "\\  Idle  246  ecm.  ol  hydrogen  measured  over 
water  at  15  C.  and  /50  mm.  are  evolved,  how  much  coiipcr 
precipitates  ? 

11,0  = H„  + 0. 

ChiSOj  + 11,0  = Cu  + 11,S04  + 0. 

19.  0-5965  gm.  of  copper  .sulphate  gave  0'2983  gm.  of  cuprous 
sulphocyanide.  What  is  the  percentage  of  copper  in  the  sulidiate  ? 

2CuS045H,0  + 2KCXS  = 2IIKSO4  + 911.,0  0 + Cu,C,NoS,. 

20.  Find  the  jicrcentage  of  water  in  each  of  the  ciijirie  suliihates  : 

—(a)  C11SO4.  It^o,  (0)  CiiS04.211.,O,  (y)  CuSO^.OU.,0,  (5)  CuSO,611,0, 
(e)  CuSO,711,0.  ■ 

21.  What  volume  of  idtric  oxide  at  149°  C.  and  980  mm.  is 
obtained  on  dissolving  4 -9  gm.  of  coi)per  in  hydrogen  nitrate  ? 

3Cu  + 8IIXO3  = 3C112NO3  + 411,0  + 2X0. 

22.  How  much  cupric  oxide  is  formed  on  heating  1748  gm.  of 
ciqu-ie  nitrate  ? 


CU2XO36H.JO  =■  611,0  + 2X0,  + 0 + CuO. 

23.  Find  the  formula  of  a .substance  contaiidng  cojiper  57"5, 
carbon  5’4,  hydrogen  0 9,  and  oxygen  36'2  per  cent. 

24.  What  volume  of  carbon  dioxide  at  17°  C.  and  720  mm.  is 
given  olf  on  dis.solving  137  gm.  of  azurite  in  hydrogen  nitrate? 

CuH.j0,2CuC03  + OIIXO3  = 3CU2XO3  + 4H.3O  + 2CO., 
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25.  AVhat  volume  of  liydrogen  at  100’  C.  ami  746  mm.  is  given 
^ off  on  dis.solving  3 gm.  of  cuprous  hydride  in  hydrogen  cliloride  ? 

; CuoIR  + 2HC1  = Cti-X’!.  -I-  21 1,. 

' 26.  2 gm.  of  cuprous  hydride,  wlieii  dissolved  in  liydrogen 

chloride,  gave  723  cem.  of  hydrogen  at  12°  0.  What  is  the  atomic 
i weight  of  copper  ? 

I C'uJR  + 2HC1  = Cu.,Clo  + 2H2. 


I 
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CHAPTER  XXXVI  II. 

Meucuky,  Hg  = 200. 

1.  8000  gm.  of  cinnabar  are  roasted.  How  much  mercury  and 
’ what  volume  of  sulphur  dioxide  at  13°  C.  is  formed  ? 

; HgS  + 0„  = Hg  + SO,. 

; 2.  Mercury  vapour  is  6 ’976  times  as  heavy  as  air.  Find  its  double 

density  referred  to  hydrogen. 

j _3.  On  heating  27  gm.  of  mercuric  oxide,  195  ccm.  of  oxygen  at 
r 37°  C.  and  620  mm.  were  collected.  What  is  the  atomic  weight  of 

■ mercury?  ” 

1 4.  A kilo,  of  mercury  at  100°C.  was  mixed  with  a kilo,  of  water 

at  10°  C.  The  temperature  of  the  mixture  was  found  to  he  13°  C. 

■ What  is  the  speeilic  heat  of  mercury  ? 

5.  2 gm.  of  .sodium  amalgam,  when  placed  in  water,  gave 
623-6  cem.  of  hydrogen  at  3°  C.  and  480  mm.  What  percentage  of 
' sodium  was  there  in  the  amalgam  ? 

-•  Xa  + 11,0  =:  HNaO  + H. 

[ 6.  Find  the  formula  of  radmium  amalgam  which  contains  mer- 

1 cury  78"26  and  cadmium  21 '74  jier  cent. 

7.  10  cem.  of  mercury  (a  13'56)  are  thrown  into  a vacuous  iron 
. bottle,  of  2 1.  capacity,  kept  at  427°  ('.  What  is  the  internal 
1 jiressure  in  atmospheres  ? 

^ 8.  liiid  the  formula  of  a .substance  containing  mercury  77 '52 

^ carbon  18 ’6,  and  hydrogen  3 ’88  per  cent. 

9.  lO  gm.  of  mercuric  o.xide  are  heated.  A\  hat  volume  of  o.xvHcn 
. at  21  0.  and  740  mm.  is  given  olf? 

HgO  = Hg  + 0. 


I 

1 


128 


MERCURY. 


[ciiAr.  XXXVIII, 


10.  EXCC.S.S  of  mercury  i.s  heated  in  101.  of  air  at  14°  C.  How 
much  mercuric  oxide  is  formed  ? 

Hg  + 0 = HgO. 

11.  Wh.at  volume  of  mercury  (a  ISTj)  and  mass  of  meivuric 
chloride  must  be  sublimed  together  to  form  3 kilo,  of  iiierciirom 
chloride  ? 

HgClo  + Hg  = Hg,Cl,. 

12.  The  vapour  of  mercurous  chloride  is  8-21  times  as  heavy  as 
air.  What  is  its  apparent  molecular  weight  ? 

13.  500  gm.  of  mercury  are  heated  “with  cxce.ss  of  hydro"en 
sulphate.  How  much  .sodium  chloride  must  be  mixed  with  the 
mercuric  siiliihate,  and  how  much  mercuric  chloride  is  formed  ? 

HgSOj  + 2NaCl  = Na^SOj  + HgCR. 

14.  Find  the  formula  of  a substance  containing  mercury  50'5 
chlorine  35’86,  nitrogen  7'07,  hydrogen  2'02,  and  water  4'55 
per  cent. 

15.  How  many  gr.ams  do  500  ccni.  of  the  vaiiour  of  mercuric 
chloride  {HgCl„)  at  350°  C.  weigh  ? 

16.  AYhat  volume  of  hydrogen  sulphide  at  12°  C.  and  7S0  mm. 
is  required  to  throw  down  the  mercury  from  126  gm.  of  mercuric 
cyanide  ? 

HgC„X„  + H„S  = HgS  + 2HCN. 

17.  100  cem.  of  mercury  (a  13'56)  are  warmed  with  hydrotren 

nitrate.  What  volume  of  nitric  oxide  at  26°  C.  is  evolved  ? “ 

3Hg  + 8HNO3  = 31Ig2NO.,  + 4ILO  + 2X0. 

18.  Find  the  percentage  composition  of  mercuric  hvdroiiitrate 
(HgllXOJ. 

19.  What  is  the  percentage  composition  of  turneth  mineral 
(HgS0421Ig0)  ? 

20.  40  gm.  of  mercury  are  evaporated  with  50  gm.  of  hydrogen 
sulphate.  How  much  mercuric  sulphate  and  what  volume  of  sulphur 
dioxide  at  39°  C.  are  lonned  ? 

Hg  + 2HoSOj  = HgSOj  + 2IRO  + SO... 

21.  According  to  Erdmann  .and  Marchand  177 '1664  gm.  of 
mercuric  sul])hide  when  heated  with  coj)per  give  152745  gun.  of 
mercury.  What  is  the  atomic  weight  of  mercury  ? 

HgS  + Cu  = CuS  + Hg. 

22_.  How  much  potassium  iodide  must  be  ])oured  into  a .solution 
of  379  gm.  of  mercuric  chloride,  and  how  much  mercuric  iotlide  i.s 
formed  ? 

HgClj  + 2KI  = 2KC1  + Hglj. 
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CHAPTER  XXXI.'^. 

SiLVKK,  Ag  = 108. 

1.  Calculate  the  jiorcentage  composition  of  (a)  honi-silver  AgCl, 
(j8)  silver  glance  Ag.,S. 

2.  Find  the  symbol  of  Proustite  which  contains  silver  65 '45, 
sulphur  19 '39,  ami  arsenic  15  "16  per  cent. 

3.  How  much  (o)  iron,  (;8)  mercury  is  required  to  reduce  48  lb. 
of  silver  chloride  ? 

2AgCl  + Fe  = FeCIj  + 2Ag. 

2AgCl  + 2Hg  = HgjC'lj  + 2Ag, 

4.  How  many  litre.s  of  air  (containiug  20  jier  cent,  by  volume  of 

available  oxygen)  are  required  to  cupel  a ton  of  lead  containimr 
320  oz.  troy  of  silver  ? ° 

Pb  + 0 = PbO. 

5.  Melted  .silver  dLssolvcs  22  times  its  volume  of  oxygen  at  0°  C 
What  volume  of  oxygen  at  13°  C.  would  be  given  olfby  a kilogram 
of  silver  (A  10'5)  on  cooling  ? 

6 A kilogram  of  silver  (A  10’512)  was  found  when  cold  to 
occlude  174  ccm.  of  oxygen.  Find  the  percentage  of  oxygen  by 
mass  and  by  volume.  ° ’’ 

7.  105-3  ccm.  of  hydrogen  precipitate  rOl  gni.  of  .silver  from  a 
solution  of  silver  acetate.  What  is  the  atomic  weight  of  silver  1 

+ H = HC2H3O2  + Ag. 

8.  A shilling  weighs  87 '27  grains,  of  which  80 ’727  are  silver 
How  many  shillings  can  be  made  from  a ton  of  silver,  and  how 
many  tons  do  they  weigh  ? 

9.  According  to  Levol  an  alloy  of  71 '9  silver,  and  28-1  copper 
per  cent,  does  not  separate  on  cooling.  Find  the  formula  of  it 

10.  When  mercury  was  placed  in  a .solution  of  silver  a ciystalline 
amalgam  containing  26 -45  per  cent,  of  silver  separated.  Find  a 
fornmla  for  the  amalgam. 

oxygen  at  30°  C.  can  be  obtained  on  heating 

10  gm.  of  silver  oxide  ? 

Ag,0  = Agj  + 0. 

12.  10  gm.  of  silver  oxide  are  exposed  to  sunshine.  What  volume 
of  oxygen  measured  over  water  at  15°  C.  and  740  mm.  is  evolved  if 
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(a)  silver,  {0)  silver  suboxide  is  formed  ? The  water  stauds  at 
217  mm.  in  the  tube. 

2Ag„0  = 2Agj  + 0„. 

2Ag20  = AgjO  + 0. 

13.  What  volume  of  oxygen  at  39°  C.  is  evolved  on  throwing 
4 gm.  of  silver  oxide  into  hydrogen  dioxide  ? 

AgoO  + H0O2  — Ag2  "t"  H2O  "b  O2. 

14.  What  volume  of  oxygen  at  21°  C.  and  740  mm.  is  evolved 
when  one  gi-am  of  silver  dioxide  is  (a)  heated,  {0)  thrown  into 
hydrogen  dioxide  ? 

Ag202  = Ag2  + 0„. 

+ 2H2O2  = Ag2  + 2H2O  + 2O2. 

15.  Find  the'  percentage  composition  of  silver  oxylluoride 
(Ag2HFO). 

16.  According  to  Stas  53'1958  gm.  of  silver  form  92'6042  gm. 
of  silver  bromide  (AgBr).  What  is  the  atomic  weight  of  silver  ? 

17.  A gram  of  silver  chloride  (AgCl)  when  reduced  by  hydrogen 
left  0'7526  gm.  of  silver.  Find  the  atomic  weight  of  silver. 

18.  How  much  sodium  carbonate  is  rcrpiired  to  reduce  500  gm. 
of  silver  chloride  ? 


2AgCl  + NajCOs  = 2NaCl  + CO2  + 0 + Agj. 

19.  How  much  .sodium  chloride  must  be  dis.solved  in  a litre  of 
water  that  1 ccm.  of  the  solution  may  preeipitate  O’Ol  gm.  of  silver  1 


AgNOg  + NaCl  = AgCl  + NaNOj. 

20.  100  gm.  of  silver  chloride  absorb  17  gm.  of  ammonia.  Find 
a formula  for  the  compound,  and  calculate  from  the  fonmda  how 
much  chloriileis  united  with  17  gm.  of  ammonia. 

21.  How  much  silver  suli)hide  is  formed  on  heating  67 ‘2  gm.  of 
silver  in  the  vapour  of  sulphur  ? 


Ag2  + S = AgjS. 


22.  What  volume  of  hydrogen  sulphide  at  27°  C.  and  570  mm. 
is  recpiired  to  precipitate  the  silver  from  100  gm.  of  silver  meta- 


phosphate ? 


2AgP03  + HjS  = Ag,,S  + 2HPO3. 


23.  487  gm.  of  silver  are  heated  with  hydrogen  sulphate.  How 
much  silver  sulphate  and  what  volume  of  sulphur  dioxide  at 
26°  C.  and  780  mm.  are  formed  ? 


2Ag  -f  2113804  = Ag2S04  + 2H2O  -f  SO,. 
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24.  480  gm.  of  silver  are  dissolved  in  hydrogen  nitrate.  How 
much  silver  nitrate  and  what  volume  of  nitric  oxide  at  17°  C.  are 
formed  ? 


6Ag  + 8HNO3  eAgNOj  + 4HjO  + 2NO. 


CHAPTER  XL. 
Gold,  Au  = 196-6. 


1.  A sovereign  weighs  123-274  grains,  of  which  113-001  are  gold 
How  many  sovereigns  can  be  made  from  a ton  of  gold,  and  how 
many  tons  do  they  weigh  ? 

2.  Find  a formula  for  mint-gold,  which  consists  of  11  tits,  of  rrold 

to  1 part  of  copper.  And  find  the  percentage  of  gold  in  a iTodv 
having  that  formula.  ^ 

3.  How  much  ferrous  sulphate  is  required  to  precipitate  100  jnn 

of  gold  ? ‘ i t)  ■ 


6FeSO,7HoO  -f  2AUCI3  = 4Fo,.3SOj  -t-  42H„0  -f  FejClg  -f  Au,. 

4.  According  to  Level  1000  j)ts.  of  gold  when  converted  into  the 
chloride  and  e.xposed  to  the  action  of  sulphur  dioxide  form  hydrogen 
sulimate  sufficient  to  give  1782  pts.  of  barium  sulphate.  Find  the 
atomic  weight  of  gold. 

2AUCI3  -f  3SO2  + 6H,0  = 2Au  -f  OHCl  -f-  3ILSO,. 

3ILS04  + 3BaCla  = OHCl  -p  3BaSO.,. 

5.  How  much  magnesia  is  required  to  throw  down  lOgm  of 
auric  oxide  ? 

2AUCI3  + 3MgO  = 3MgCL  -f  A113O3. 

6.  AVhat  volume  of  oxygen  is  given  olf  on  heating  4 412  gm  cf 

auric  oxide  ? b h • 

A110O3  = 2Au  + 30. 

volume  of  o.ygen  at  12°  C.  is  evolved  on  throwing 
0 2 gm.  ol  auric  oxide  into  hydrogen  dioxide  ? ^ 

AU2O3  + 3H2O3  = An,  -f-  3HjO  -p  3O3. 

8.  Prat  has  described  an  oxide  of  gold  containing  7 '7  per  cent  of 
oxygen.  Find  its  formula.  ^ ^ ^ 

n of  a substance  containing  gold  77-22  oxvgen 

9-42,  nitrogen  11,  and  hydrogen  2-35  per  cent.  ’ 

K 2 
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10.  Purple  of  Ca.s.siu.s,  prepareil  liy  Pelletiers  inetlioil,  i.s  found 
to  contain  .stannic  oxide  32’746,  stannous  oxide  14  618,  aurous 
oxide  44'772,  and  water  7'864  per  cent.  Find  a formula  for  it. 

11.  Howinueti  aurous  bromide  can  be  made  from  2 gm.  of  aurous 
oxide  ? 

AujO  + 2HBr  = HjO  + 2AuHr. 

12.  How  much  auric  chloride  can  be  made  from  20  gm.  of  gold  ? 

Au  + 3C1  = AuClj. 

13.  Find  the  percentage  composition  of  ammonium  chloraurate 
(NHiAuCljHjO). 

14.  How  much  iron  can  bo  converted  from  a ferrous  to  a ferric 
salt  by  10  gm.  of  auric  chloride  ? 

OFeClj  + 2A11CI3  = 3FejCl6  + 2Au. 

15.  50  gm.  of  auric  chloride  are  heated  to  170°  C.  How  much 
aurous  chloride  and  what  volume  of  chlorine  at  21°  C.  are  formed  ? 

AuClj  = AuCl  + Clj. 

16.  A solution  of  10  gm.  of  auric  chloride  is  mixed  with  hydrogen 
oxalate.  How  much  gold  ])recipitates,  and  what  volume  of  carbon 
dioxide  at  13°  C.  i.s  given  olf? 

2AUCI3  + 3C2H2O4  = 2Au  + 6HC1  + eCOj. 


Platinum,  Pt  = 195. 

17.  How  much  spongy  platinum  is  loft  on  heating  100  gm.  of 
ammonium  chloroplatinate  (NH4)2PtCl„  ? 

18.  How  much  platinum  black  is  obtained  on  boiling  40  gm.  of 
platinic  chloride  with  grape-sugar  and  sodium  carbonate  ? 

PtClj  -f  2Na5C03  = 4NaCl  -f  2COj  -f  0^  -f  Pt. 

19.  100  gm.  of  platinum  black  unite  directly  witli  73'5  gm.  of 
arsenic.  Find  a formula  for  the  alloy,  and  calculate  how  much 
arsenic  is  required  by  the  formula. 

20.  How  much  platinum  tetrachloride  is  obtained  on  dissolving 
500  gm.  of  platinum  in  aqua  regia  ? 

Pt  -f  4C1  = PtCl^. 

21.  What  volume  of  chlorine  at  26°  C.  is  evolved  on  heating 
5 ‘61 5 gm.  of  platinic  chloride  ? 

PtClj  = Pt  -I-  Clj. 
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22.  of  platinum  tetrachlorule  are  licatod  to  200°  C.  How 

much  platinum  dichloride  and  what  volume  of  chlorino  at  14°  U. 
are  formed  ? 

PtClj  = Pttd,  + Cl.,. 

23.  llow  much  j>latinous  hydrate  is  formed  on  digesting  200  gm. 
of  platinous  chloride  with  potassium  hydrate  ? 

PtCl.,  + 2PIKO  = 2KC1  + PtILO,. 

24.  IIow  much  jdatinous  chloride  must  be  lieated  to  cive  a litre 
of  chlorine  at  35°  C ? 

PtCL  = Pt  + CL. 


ru  percentage  compo.sition  of  jiotassium  chloroplatinate 

26.  According  to  Berzelias  10  gm.  of  platinum  form  24'735  gm. 
ol  potassium  chloroplatinate.  Find  the  atomic  weight  of  jdatinum. 

PtCL  + 2KCI  = K„PtCls. 

27.  Senbert,  by  heating  platinum  tetrachloride  in  hydrogen  and 

f “"‘i  chloride  with  silver  nitrate,  found 

j 9-42gm.  of  platinum  were  left  when  17'4139  gm.  of  silver 
chloride  were  formed.  What  is  the  atomic  weight  of  platinum  ? 

PtCli  + 4H  = Pt  + 4HCI. 

4IIC1  + 4AgN03  = 4IINO3  + 4AgCl. 

(NSi/tCll/^"^  percentage  composition  of  the  green  salt  of  Magnus 

29.  Find  the  fornmla  of  a substance  containing  nitrogen  13'83 
bydiogen  2'96,  platinum  48-13,  and  chlorine  35-07  per  cemt! 
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CHAPTER  I. 


An  approximato  answer  is  signified  by  ? 


English 

AND  Mk-1T.IC 

Measdhes. 

1. 

78 '54  scm. 

2. 

3000  1. 

3. 

35 '343  cubic  feet. 

4. 

2-68  lbs.  troy  ? 

5. 

344-42  in. 

6. 

148,055,600  kilom.  ? 

7. 

299,330  kilom.  ? 

8. 

1,170,560  cub.  ft. 

9. 

1178-1  1. 

10. 

1-855  m. 

11. 

92,000,000  miles  ? 

12. 

96,051,852  cub.  feet. 

Volume  Ma.ss  and 

Density. 

13. 

A 7-8. 

14. 

A 0-8504. 

I.*). 

A 0 579. 

16. 

1428-57  gm. 

17. 

5250  kilo. 

18. 

974 -659  cm.  ? 

19. 

2277G  0 kilo. 

20. 

1 1. 

21. 

A 1-2. 

22. 

1400  kilo. 

23. 

3848  gm. 

24. 

159-44  tons. 

2.5. 

52,364,199  tonnes. 

26. 

A 7-4. 

27. 

A 1-843. 

28. 

5-47723  gm. 

29. 

A 2-63. 

30. 

Tui'iientine  A 0-909. 

31. 

2-764. 

32. 

Coiiper  sulphate  A 2-295. 
2-604. 

33. 

2-689. 

34. 

2-163. 

35. 

1-163. 

CHAPTER  II. 

MOLECULAU  WEIGHT.S. 

/, 

(i.)  28.  2. 

(i.)  57-14%. 

3.  (i.)  30. 

(ii.)  40-4. 

(ii.)  39-6%. 

(ii.)  40. 

(iii. ) 56. 

(iii.)  28-57  %. 

(iii.)  160. 

(iv. ) 60 '4. 

(iv.)  53%. 

(iv.)  100. 

(V.)  102. 

(V.)  47-06  %. 

(V.)  128. 
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4.  (i.)  320. 

(ii.)  463. 

(iii.)  233. 

(iv.)  331. 

(v.)  212. 

7.  (i.)  92. 

(ii.)  136. 

(iii.)  93. 

(iv.)  284. 

(v.)  342. 

10.  (i.)  Mercury  92'59  %. 

0.xygen  7'41  %. 

(iii.)  Manganese  63 '2  %. 
Oxygen  37-8  %. 

11.  Copper  25 ’39  %. 
Sulphur  12-84  %. 
O.xygen  25-67  %. 

Water  36-1  %. 


6.  (i.)  46. 

(ii.)  74. 
(iii.)  60. 
(iv.)  126. 
(v.)  150. 
9.  (i.)  422. 
(ii.)  182-4 
(iii.)  248. 
(iv.)  209. 
(v.)  596. 
(ii.)  Potassium  31-83  %. 
Chlorino  28 ’98  %. 
0.xygen  39-18  %. 


12.  Carbon  49-5  %. 
Hydrogen  5-15  %. 
Nitrogen  28-86%. 
0.xygen  16-49  %. 


5.  (i.)  287-4 
(ii.)  249-3. 
(hi.)  322. 
(iv.)  280. 
(v.)  223. 

8.  (i.)  122-5. 
(ii.)  382. 
(iii.)  355-6. 
(iv.)  197. 
V.)  294. 


CHAPTER  III. 


T E M P E U A T U n E S. 


1.  (i.) 

45°  C. 

2.  (i.) 

(ii.) 

35°  C. 

(ii.) 

(iii.) 

95°  C. 

(iii.) 

(iv.) 

75°  C. 

(iv.) 

(V.) 

65°  C. 

(V.) 

4.  (i.) 

7-1°  R. 

5.  (i.) 

(ii.) 

43-1°  R. 

(ii.) 

(iii.) 

60-4°  R. 

(iii.) 

(iv.) 

79-1°  R. 

(iv.) 

(V.) 

-27-56°  R. 

(V.) 

7.  (i.) 

1189-4°  F. 

8.  (i.) 

(ii.) 

1328°  F. 

(ii.) 

(iii.) 

1580°  F. 

(iii.) 

(IV.)  1783-4°  F, 

(iv.) 

(v.l 

1832°  F. 

(V.) 

72°  R. 

3. 

(i.) 

158°  F. 

12°  K. 

(ii.) 

168°  F. 

16°  R. 

(iii.) 

126°  F. 

44°  R. 

(iv.) 

17°  F. 

24°  R. 

(V.) 

- 25°  F. 

140-9°  F. 

6. 

(i.) 

97-2°  C. 

104°  F. 

(ii.) 

82-2°  C. 

158°  F. 

(iii.) 

45-56°  C. 

23°  F. 

(iv.) 

- 17-8°  C. 

- 33-97°  F. 

(V.) 

- 34-4°  C. 

356-7°  C. 

9. 

(i.) 

279°. 

37-78°  C. 

(ii.) 

353°. 

239-4°  C. 

(iii.) 

233°. 

1914-4°  C. 

(iv.) 

259°. 

1616-1°  C. 

(V.) 

173°. 

[chap.  IV. 


ANSWERS. 

11.  (i.)  27°  C.  21-6°  R.  80-6°  F. 

(ii.)  127°  C.  101-6°  R.  260-6°  F. 

(lii.)  227°  C.  181-6°  R.  440-6°  F. 

12.  42°  F.  = 5-5°  C.=  4-4°R. 

- 32°  F.  =-35-'5°C.  = -28-4°  R. 
327°  R.  =408-75°  C.  = 767-75°  F. 

- 2°  R.  = - 2-5°  C.  = 27-5°  F. 

78°C.=  62-4°  R.=  172-4°  F. 

- 172°  C.  = -137-6°  R.= -277-6°  F. 


l’UES.SUUE.S. 

16.  813-6  cm. 

18.  787-4  mm. 
20.  (a)  33-37  ft. 
(/3)  14-46  lbs. 


CHAPTER  IV. 


The  Volume  of  a Mass  op  Gas. 


1. 

1142-85  cam. 

2. 

1388-8  ccm. 

3. 

826-59  ccm. 

4. 

82-644  ccm. 

5. 

403-94  ccm.  1 

6. 

397-52  1. 

7. 

1181  -81  ccm. 

8. 

258-14  ccm. 

9. 

100-03  1. 

10. 

1097-56  ccm. 

11. 

791-6  ccm. 

12. 

183-63  1. 

13. 

52-47  ccm. 

14. 

140-25°  C. 

15. 

1500  ccm. 

16. 

300  ccm. 

17. 

147-49  ccm. 

18. 

760  ccm. 

19. 

300  ccm. 

20. 

1111  ccm. 

21. 

1000  ccm. 

22. 

651-058  ccm.  ? 

23. 

1333-3  ccm. 

24. 

213-02  1. 

25. 

1096-509  ccm. 

26. 

105-627  ccm. 

27. 

349-14  ccm. 

28. 

9541-9?  ccm. 

29. 

265-8°  C. 

30. 

900-28  mm. 

31. 

3668°  C. 

32. 

1230-47  ccm. 

33. 

1000  ccm. 

34. 

209-05  1.  ? 

35. 

894-96  ccm. 

36. 

59-92  ccm. 

37. 

1895-604  ccm. 

38. 

10  ccm. 

39. 

29-5  inches. 

40. 

976 '95  ccm. 

41. 

186-26  ccm. 

42. 

534  grains  ? 

136 

10.  (i.)  201-1°. 

(ii.)  253°. 

(iii.)  313°. 

(IV.)  1366-3°. 
(v.)  234-67°. 

13.  - 459-4°F. 

14.  -40°C.  oi-F. 


15.  0-703  kilo. 

17.  5-6096  m. 

19.  29-724  inches. 
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CHAPTER  V. 


Oxygen. 


Answers  folloived  by  ! are  obtained  by  using  22 "32  litres  as  tuv 
volumes,  and  '00367  as  the  coc£icient  of  expansion  of  a gas. 

? after  an  answer  7neans  nearly. 


1.  Mercury  9'259  gm. 

Oxygen  0'74  gin. 
3.  19 '59  gm. 


5.  14  1. 

7.  27-43  1. 

9.  28 '6  gm.  ? 

11.  408 '3  gm. 

13.  25.1 '2  gm. 

15.  490  gm.  chlorate. 

192  gm.  oxygen. 

17.  9'876  kilo. 

19.  8 '29  1. 

21.  17 '78  gm.  oxygen. 

145 '018  gm.  dioxide. 
23.  590-77  1. 

25.  22 '87  gm. 

27.  92-7  ccm. 

29.  253 '9  ccm. 

31.  0 = 15-959? 

33.  0'716  gm.  ! 

35.  (a)  13-8  1.  ! 

(13)  12-25  1. 


2.  64  gm. 

4.  (o)  1350  gm. 
(0)  255 '2  gm. 
(7)  815'6  gm. 
6.  (a)  1-716  1. 

03)  2-574  1. 

8.  5-185  1. 

10.  0'27  gm. 

12.  116-518  gm 
14.  14-93  1. 

16.  33-66  1. 

18.  4-718  kilo. 
20.  14  1.  normal. 

16-146  1. 

22.  120-565  1. 

24.  77'64  gm. 

26.  32-169  1.  ? 

28.  1-177  1. 

30.  269-88  ccm. 
32.  150 '1  ccm. 

34.  1-222  1.  ! 


1.  14-28  ccm. -397 -3° 
3.  (a)  2 '2  kilo.  zinc. 

(/8)  3 '281  kilo.  acid. 
5.  4 '01 7 gm. 

7.  49-39  gm. 

9.  0-10174  gm. 


CHAPTER  VI. 

Hydrogen. 

2.  34-25  1. 

4.  14  -69  1.  ? 
6.  5-714  kilo. 
8.  132-1  1. 

10.  2 '857  gm. 
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11. 

42-196  1. 

12. 

333-18  ccm. 

13. 

13-94  1.  ? 

14. 

2-546  1. 

15. 

422-8  kilo. 

zinc. 

16. 

700-7  gm. 

633-3  kilo. 

sulphate. 

17. 

-005593  lb. 

hydrogen. 

18. 

2928  ll)s.  hydrogen. 

-080728  lb. 

air. 

42,269  lbs.  air. 

19. 

75-14  lbs.  ! 

20. 

199-8  ccm. 

21. 

230-1  gm.  I 

22. 

13 -.52  kilo.  ! 

23. 

(a)  29 -8  ccm.  ! 

24. 

0-06955  gm.  I 

(3)  191-3  ccm.  ! 

(7)  15-26  ccm.  ! 

25. 

26-95  1.  ! 

CHAPTER  VII. 
Water. 


1.  88 '8646  % oxygen. 

11 '1345  % hydrogen. 
3.  261-2  1. 

5.  3-964  X 10’®  kilo. 

7.  304-3  1. 

9.  287,944  cub.  m. 

11.  6-6  ccm. 

13.  (i.)  62-937  gin. 

(ii.)  67-6  gm. 

(iii. ) 45-92  gin. 

(iv.)  14-52  gm. 

17.  136-2  1. 

19.  648  ccm.  ? 

21.  0-494  gm. 

23.  10-73  gm. 

25.  0-296. 

27.  202-3  ccm.  ? 

29.  4-17  % dioxide. 

95-83  % water. 

31.  3-402  1.  ! 

33.  62-4156  11). 


2.  12-4  1.  hydrogen. 

6-21-  oxygen. 

4.  (o)  974-66  ccm.  ? 

(J3)  1087  ccm.  ? 

6.  34-9  cub.  ft.  ? 

8.  1087  ccm.  ? 

10.  12-1  kilo. 

12.  54-67  1.  1 

14.  8. 

15.  12-5. 

16.  88-897  % oxygen. 

11  -102  % hydrogen. 

18.  6-7132  1. 

20.  nil. 

22.  23781-2  gm  at  27-15“  C. 
24.  2612  times. 

26.  33 -81  cub.  feet. 

28.  479-3  times? 

30.  258-45  grains  1 

32.  14-4  %! 
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CHAPTER  VIII. 

N ITROGEN. 


1. 

125  gm. 

2.  209-048  cem. 

3. 

3-5  1. 

4.  40-96  1. 

5. 

I-H 

00 

II 

6.  23-33  ccm. 
0-02916  gm. 

7. 

0-3279  gm.? 

8.  1-12  1.  dioxide. 

2-24  1.  nitrogen. 

Hydrogen 

N itrate. 

9. 

296-4  lbs. 

10.  6-6  1. 

11. 

1142-9  gm. 

12.  626-6  ccm.  sulphate. 
494-1  ccm.  nitrate. 

13. 

741-17  gm. 

14.  242-57.  gm. 

15. 

2436-8  gm.  nitrate. 
1283-6  cem.  sulphate. 

16.  4HN03.11Hj0. 

17. 

2HN03.3H„0. 

18.  691-56  ccm. 

19. 

900  gm. 

20.  341-46  gm. 

21. 

3-57  kilo.  ? 

22.  55-52  oz. 

23. 

1 -223  gm. 

24.  7-518  1. 

25. 

2462  gm.  ? 

26.  76-7  ccm.  nitrate. 
131-48  gm.  pentoxido. 

The  Oxides  of  Nitrogen. 

27. 

5 % hydrogen. 
35  % nitrogen. 

28.  67-2  1. 

60  % oxygen. 

• 

29. 

142-85  gm. 

30.  (a)  196-43  gra 
(8)  133-93  gm. 

31. 

9-1  1. 

32.  5-091. 

33. 

2-106  gm. 

34.  9-706  1. 

35. 

42-38  gra. 

36.  6-18  1.  ? 

37. 

23-938  1. 

38.  17-7  1. 

39. 

5-448  1.  ? 

40.  10-472  1. 

41. 

2-41  1. 

42.  5-6  1. 

43. 

55-47  1. 

44.  11-089  1.  nitrogea 

IG’633  I.  tUoxide. 
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(a) 

W 

45. 

76-51  at  27“  C. 

46.  Nitrogen  21-37 

17-17 

45-3  at  180“  C. 

O.vygen  24-43 

39-26 

C'lilorino  54-2 

43-56 

47. 

1 -39  1. 

48.  100-01  ccm. 

Ammonia. 

49. 

680  gm. 

50.  13-176  1. 

51. 

131-771. 

52.  191-07  gin. 

53. 

28-64  1. 

.54.  97-08  1. 

55. 

1 -7  gin. 

56.  1-76  kilo. 

57. 

6-137  1. 

58.  14-5  ccm.  nitrogen. 

8 -25  ccm.  o.xygen. 

59. 

163  ccm.  1 

60.  2-82  gin. 

61.  14-84  % ! 

63.  Nitrogen  2-.'i9  %. 
Mercury  73 '94  %. 
Iodine  23 '47  %. 
65.  9‘175  gni.  ! 

(“) 

67.  Nitrogen  87 ’5 
Hydrogen  12 '5 


62. 

64. 


606  cciii. 
AgNO.  ? 
10  -35  1.  ! 


{&) 

97-674. 
2 326. 


66.  177-5  ccin.  I 

68.  Na^N.  .sodium  imide. 


CHATTER  IX. 
Tmc  A-i-mosi'Iieue. 


1. 

20-72  % oxygen  by  vol. 

2. 

23  % oxygen  by  nia.ss. 

3. 

15-8  ccm.  nitrogen. 

4. 

21  -6  ccm  hydrogen. 

5. 

0-2325  gm. 

6. 

7. 

21-46  gm.? 

8. 

9. 

d 

0 

0 

00 

10. 

11. 

0 -54  gm.  more  nitrogen. 

12. 

13. 

8-1  lb. 

14. 

15. 

600-32  kilo. 

16. 

17. 

757-29  lbs.  air. 

18. 

176-446  lbs.  oxygen. 

20. 

19. 

54  kiloni.  radius. 

21. 

1554  X 10“  steres. 

22. 

23. 

20-56  % oxygen. 

24. 

30  gm. 

20  95  % o.xygen. 

19-09  1.  air. 

4-44  gin.  ? 

93  1.  nitrogen. 

40  ccm.  ammonia. 
560  1. 

25-88  gin. 

78-15  ton.s  1 
0-2584  gm. 

89-7  kilo. 

101-12  tons. 

149-3  ccm. 

668-1  gm. 
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!5. 

5-478  gm. 

26. 

90-74  lit. 

!7. 

2 068  «m. 

28. 

133'7  ccm.  ! 

!9. 

103,100  tons? 

30. 

197  tons? 

)1. 

Oxygon  19-37  %. 

32. 

18-6’  C.  70-4  gm. 

Nitrogen  79  %. 

33. 

591  mm.  ? 

Carbon  dioxide  1-629  %. 

2160  m.  higli? 

14. 

5-75  X 10"  tonnes  carbon. 

35. 

0-82  %. 

!6.  0’1783  gm. 


CHAPTER  X. 
Carbon. 

1.  6-1  ccm.  ? 2.  1111-i. 

21 '7  ccm. 

3.  Or  = 32-3.  4.  90'84  lbs. 

5.  0’978  ton  ? 6.  500'5  mi. 


Carbon  Monoxide. 


7.  33-6  1. 

9.  126‘65  gm. 

11.  1-317  1. 

13.  11-513  gm. 

15.  20  ccm.  monoxide. 
35  ccm.  oxygen. 


8.  4-756  1.  dioxide. 
2-547  gm.  carbon. 
10.  524-1  gm. 

12.  (a)  80  1. 

(0)  50-9  1. 

14.  20  ccm.  oxygen. 
16.  COS. 


Carbon  Dioxide. 


17. 

13-06  1.  ? 

18. 

9-739  1. 

19. 

15-63  1.  ? 

20. 

31-2  lbs. 

dioxide. 

13-4  lb,s. 

water. 

21. 

2-37  1.  ? 

22. 

21-1  ffin. 

23. 

43-105  gm. 

24. 

81  -558  gm. 

25. 

2-5O6  ox.  carbon.ate. 

26. 

8888-8  1. 

4-477  oz.  tartrate. 

27. 

0-535  gm. 

28. 

-83-7°  C 

1 

29. 

1-301  1. 

30. 

Pota.ssium  60  °/. 

Carlion 

18-46%. 

Nitrogen 

21-54%. 
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Mauhh  Gas. 

31.  48'75gm. 

33.  59'96  gill. 

35.  45-05  1. 

37.  100  ccm. 

39.  20  1. ! 

41.  3-768  1.  ! 

1-633  ccm. 


K'l'jjEKii.  Acetylene. 

32.  (a)  l-16gm. 

(fl)  1 -25  gm. 

34.  3-4125  gin. 

36.  50  ccm.  dioxide. 

25  ccm.  oxygen. 
38.  281-3  ccm.  ? 

40.  379-95  gin. 

42.  1-536  cm. 
0-01302  gin.  ! 


43.  1 -134  gm.  ! 
45.  42-9  ! 

47.  110-9! 


Vapour  Densities. 

44.  22-5  I 
46.  21-58! 
48.  102-1 ! 


49. 

51. 

53. 

55. 

57. 

59. 

61. 

63. 


'Percentage  Composition  and  Formula. 


CII,,0. 

t'filluOfl  maiinitc. 

ethyl  liyd.  suliih. 
Ci-iHjuNjOr,  gelatin. 
C5II4NJO3  hyd.  urate. 


CrHfjOj  hyd.  lienzoate. 
Carbon  39-08  %. 
Hydrogen  2-18  %. 
Nitrogen  15-23%. 
0.xygen  43-51  %. 

Cnll^NA- 


50.  C203ll.>0  liyd.  oxalate. 

52.  C5II7N. 

54.  C^lIjdOj  incthyl  citraoonato, 
56.  CjlIiftNjOj  tlicine. 

58.  C7H3O3  hyd.  benzoate. 


60. 

62, 


C,H„0. 


64.  Carbon  34-03  %. 
Hydrogen  6-19  %. 
Iodine  59-87  %. 


lodohexane  CgHjjI. 


65. 

47  ? 

66. 

130  ? 

67. 

174  ? 

68. 

4620  ? 

69. 

153  ? 

70. 

122  ? 

71. 

252  ? 

72. 

129? 

73. 

126  ? 

74. 

123  ? 

75. 

63? 

76. 

60-4 

CHAPTER  XL 


1.  56  1. 

3.  397-83  1. 

5.  136-81  gm. 
7.  31 5 '5  ccm.  ? 


CHLORINE. 

2.  122-53  gm. 

4.  146-25  gm. 

6.  39 ’938  ccm. 

8.  2'726  ccin.  hydrogen. 
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IIydiiogen  Chloiude. 


9.  179-2  1. 


111.  0-391  gm. 

1 13.  32-4  kilo.  salt. 

1 15.  5-761  % real  acid. 
1 17.  780-5  coin.  ? 


10.  1603  gm.  >. 

12.  75-72  lb. 

14.  47-87  1.  1 
16.  99-31  kilo. 

18.  (a)  1-74  gin.  p|i. 
iff)  1-913  gm.  loft. 


The  Oxygen  Compound.s  of  Chlorine. 


19.  8-69  1.  chlorine. 
4-148  1.  monoxide. 

21.  743-1  1. 


20.  201-57  1. 

(“)  03)  (7) 

22.  Calcium  27-97  31-5  32-97 
Oxygen  22-38  12-6  26-37 
Chlorine  49-65  55-9  39-01 
Hydrogen  l -65 


23. 

59-5' for  ChOj. 
67-5  for  CUO4. 

24. 

22-4  1.  oxygen. 

138-5  gm.  perchlorate. 

25. 

124-4  gm.  f 

26. 

KCIO,. 

27. 

236  1.  ! 

28. 

2-596  I.  ! 

29. 

6-28  cem.  chlorine  ! 

30. 

3-784  1.  ! 

31. 

4-444  1.  ! 

32. 

102-3  cem.  ! 

33. 

1-841  1. 

34. 

93-4  % ! 

35. 

50-56  %! 

36. 

64-8  % ? 

37. 

3 -088  gm.  ! 

38. 

6-22  gm.  I 

39. 

15-12  1.  ! 

40. 

16 -35  gm.  ! 

CHAPTER  XII. 


1.  49-39  tonnes  ? 

3.  151-2  cem. 

5.  220  ccin. 

7.  10-338  1. 

9.  20-81  gm. 

11.  0-4592  gm. 

13.  748-1  gm. 

15.  57-44  % silver. 
42-55  % bromine. 

17.  2-107  1. 


Bromine. 

2.  14-875  gm. 

4.  47-O6  % bromine. 

52-94  % water. 

6.  1-855  1. 

8.  4-613  gm.  phosphoni.s. 

11-9048  cem.  bromine. 
10.  3-57  gm. 

12.  80-84  ! 

14.  Br.  = 80-135.  ? 

16.  (a)  644-6  gm.  bromide. 

(0)  I8O-9  gm.  bromate. 
18.  9-266  mm. 
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CHAPTER  XIII. 
Iodine. 


1.  520-76  kilo. 

3.  83  gin. 

5.  0 '25 92  gin. 

7.  994  times. 

9.  19’84  gm.  iodine. 

1'75  1.  .suljihidc. 

11.  38  "4  gm.  iodine  1 

1 -9  gm.  phospliorus  ? 


20  gm.  iodide  ? 

Hydrogen 

cc 

Iodine 

76-05 

Oxygen 

23-95 

13.  (o)  and  (/8)  0-04464  gm. 
15.  52-47  1. 


2.  43  "67  gm. 

4.  17-52gm,  1 
6.  251-6. 

8.  672  ccm. 

10.  1-86  1. 


$ y S 

0-57  0-52  %. 

69-4  72-2  66-14  %. 

30-6  27-23  33-34  % 

14.  877-09  gm. 

16.  721-5  gm.  iodine. 
580  gm.  elilorate. 


17.  2-303  1.  ? 

19.  40-62  gm.  pho.sphoru.s  ! 

499 -1  gm.  iodine  ! 

21.  Carbon  3-046  %. 
Hydrogen  0-254  %. 
Iodine  96-7  %. 


18.  1-069  1. 

20.  54-4  gm.  ! 

22.  Iodine  2-378  gm. 
Bromine  2-978  gm. 
Clilorine  1 -032  gm. 


CHAPTER  XIV. 


1.  Calcium  51 -28  %. 
Fluorine  48-72  %. 


3.  0-5835  gm. 

5.  13-73  1. 

7.  0-281  gm. 

9.  60 '4  gm.  silica. 

288-8  gm.  fluosilicate. 
11.  15-63  gm.  ! 

13.  19-6  ! 


Fluorine. 

/3 

Aluminium  12-85  %. 
Sodium  32-85  %. 
Fluorine  54-3  %. 

2.  174-36  gm.  sulphate. 

51-28  gm.  fluoride. 
4.  30-47  1. 

6.  259-55  ccm.  ? 

8.  19-002. 

10.  151-48  ccm.  ? 

12.  21-24  1.  ! 

14.  Carbon  13-64  %. 
Fluorine  86-36  %. 


CHAP.  XV.] 
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CHAPTER  XV. 


Sulphur. 


1. 

Lead  86-6  %. 

Ziu 

67-15  %. 

2.  (a)  CuFeSj. 

Sulphur  13 -4  %. 

Sulphur  32 '85  %. 

(18)  CaSOj. 

3. 

(a)  487-8  com. 

4.  2513  gm. 

(;8)  511  ccm. 

5. 

28-76  1. 

6.  S = 

32  0004. 

7. 

3S33  -3  I.  ? 

8.  88- 

019  gm. 

Sulphur  Dioxide. 

9.  14  1. 

10. 

14-285  gm. 

11.  3062-5  gin.  sulphate. 

12. 

2-24  1. 

989  -06  gm.  cofiper. 

13.  71-7  1. 

14. 

2-5194  1. 

15.  26-51  gm. 

16. 

6-72  1. 

17.  20  1. 

18. 

1 -184  gm. 

19.  64. 

20. 

2-828  ccm. 

21.  Sodium  18-54  %. 

22. 

0-5121  gm. 

iodine  ? 

Sul[)hur  25-81  %. 

0-5443  gm. 

tetrathionate. 

0.xygeu  19-36  %. 

Water  36-29  %. 

Hydrogen  Sulpii.ate. 


23.  313-6  gm. 

25.  4 '57  cwt. 

27.  459-375  kilo. 

29.  465-28  grains. 

31.  11,040  kilo. 

33.  Hydrogen  0-79  %. 
Sul])hur  25-20  %. 
Nitrogen  11-02  %. 
Oxygen  62-99  %. 

39.  100-14  tons  colcotLar. 

111-41  tons  add. 

41.  98-15. 


24.  1-63  ton. 

26.  887-68  1. 

28.  108-84  tons. 

30.  600-8  gin. 

32.  13-02  tonnes. 

34.  H2S3O7  Nordhausen  acid. 

35.  49. 

36.  11-27  1.  ? 

37.  284-7  gin. 

38.  200-26  ccin. 

40.  13-63  gin. 

42.  5-216  1. 


L 
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Hydrogen  Sulphide. 


43. 

15-54  1.  ? 

44. 

2-54  1. 

45. 

392-85  gm. 

46. 

11-662  1. 

47. 

70-64  1. 

48. 

86-57  1. 

49. 

28-27  1. 

50. 

1-177  ! 

51. 

0-857  gm. 

52. 

7-143  1. 

53. 

9-701  com. 

54. 

6-994  1.  sulphur  vap. 

9-326  1.  steam. 

55. 

172-5  com. 

56. 

5-074  gm.  lead  sulphide. 

4-926  gm.  mercury  sulphide. 

Carbon  Disulphide. 


57. 

935  com. 

58. 

4-491  1. 

59. 

1-082  1.  ? 

60. 

3-777  1. 

carl30ii  dioxide. 

7-555  1. 

sulphur  dioxide. 

61. 

26-3  gm. 

62. 

45-27  1. 

1 

63. 

9-686  gm.  ! 

64. 

11-77  1. 

t 

65. 

612-2  kilo  pyrites ! 

66. 

11701.  ! 

I 

2145  cub.  m.  air  ! 

67. 

12‘54  ccm.  ! 

478-5  cub.  ni.  steam  ! 

68. 

17-87  1! 

1 

CHAPTER  XVI. 

Boron. 

2.  Boron  6 ‘01  %. 
Chlorine  77 '60  %. 
Nitrogen  7 '65  %. 
Oxygen  8 ‘74  %. 

4.  117-5. 

5.  0-7333  gm. 

7.  4-726  1. 

10.  HeBPs  at  100°  C. 

HjB^Oy  at  160°  C. 
12.  3-388  gm.  ! 

14.  3NH3.2BClg. 


1. 

Sodimn 

12-04 

Boron 

11-52 

Oxygen 

29-32 

Water 

47-12 

3. 

(a)  BjOg, 

03)  SiOg. 

6. 

441-6  1. 

8. 

6-57  1. 

9. 

6-13  1. 

11. 

18-177  1. 

13. 

21  -03  1. 

! 

to  tv 
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CHAPTER  XVII. 


Silicon. 


5. 

7. 

8. 

9. 

11. 

13. 

15. 

17. 

19. 

21. 

22. 

23. 

24. 

25. 
■>(). 


15 ’33  gm.  ? 

Zinc  58-6  %. 
Silicon  12’7  %. 
0.xygen  28 '7  %. 
Si  = 27 -85. 
CaMgSioOg. 

2 '198  inches. 

CaSiOj. 

Mg2Si.,06.1l20. 

0‘654  gm. 

3-88  1. 


10. 

12. 

14. 

16. 

18. 


28-79  1. 

14 -08  gin.  carbon 

4-39  gm.  20. 

FeMg3Ca4Si802j. 

(Ca0)2(Na20)(Al203l3(Si0..WHo0)9. 

{ Al203)3  ( 8102)3  2- 

(Na20)(CaO)3(Al203)4(Si02)„(HoO)jo. 
( [FeMg]0)4(A  l20,.,)4(  Si02)  ,„1 1 .0. 
[Iv„Na.,(Ja]0[Al2Fe„]036Si02. 

Silicon  17-3%.  28. 

Oxygen  29-2  %.  29. 

Carbon  43'8  %.  30. 

Hydrogen  9 '7  %. 


Barium  49 '03  %. 
Silicon  10-17  %. 
Fluorine  40-8  %. 
1-77  gm. 

Magnesium  19-22 
Silicon  29-83 

Oxygen  46  -22 

Water  4 ’73 

AlaSiOj.bHjO. 

30  '6  gm.  sulphide. 
7-77  1.  dioxide. 
4-858  gm. 

5-443  1. 

19  -2  gm. 

171-5  for  SiClj. 

104  for  SiFj. 

1-613  gm. 


735  ccm.  ! 
3-667  gm.  ! 
1366-6  gm.  ? 


CHAPTER  XVIII. 
PlIOSPHOUU.S. 

1.  140  gm. 

3.  2-784  lb. 

5.  304-5  kilo. 

6.  3167  kilo.l 


L 2 


2.  20-4  kilo. 

4.  Calcium  38-84  %. 
Carbon  1-16%. 
Pho.sidioru.s  18-06  %. 
O.xygcn  41-91%. 
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7.  84-61  lb. 

9.  15-65  kilo. 

10.  57-49  gm. 

11.  85-5  1. 

13.  127-6. 

15.  0-9582  gm.  ? 


Phospiioru.s  Tuioxide. 

17.  25-92  gm. 

19.  (a)  682-9  ccm. 

{0)  1-7  1.? 


PnosnioRUS  Pentoxide. 

21.  20-46  gm. 

23.  lljPjO^,  or 

11 24?’inO:i7- 

25.  Ca3l\08. 

(a) 

26.  Silver  77  "33 

Plios])horu.s  7 ’4 

Oxygen  15-27 

(a)  03) 

27.  Sodium  12-85  H'OO  %. 

Nitrogen  — 6-7  %. 

Hydrogen  0'28  2-39  %. 
Phosphorus  8-66  14-83  %. 

O.xygcn  17-87  30-62  %. 

Water.  60-33  34-45  %. 


31.  5-395  1. 

33.  952-8  ccm. 

35.  1-119  1.  ? 

37.  PjH. 

39.  1-705  1.  .air.  ? 

0-567  gui.  pentoxide. 


[char.  XVIII. 

8.  Carbon  121b. 

Silica  12 '08  lb. 

Phosphorus  12-4  lb. 

12.  2-41  gm. 

14.  1066-6  1. 

16.  31-01  ? 


Hydrogen  Piiosi’hite. 

18.  114-3  1. 

20.  42-58  gm.  hyimphosphite. 
3 -61  1.  phosphine. 


Hydrogen  PiiosniATE. 

22.  (a)  71  -11  gm. 

(j8)  47-4  gm. 

(y)  23-7  gill. 

24.  5077  67  gm. 

(0)  (7) 

71-29  57-76  %. 

10-23  16 -.58  %. 

18-48  25-66  %. 

28.  8-03  1. 

29.  24-5  gm. 

30.  191-9  1.  ? 


Phosphine. 

32.  2-051  1. 

34.  4-929  1.  ? 
36.  1-3256  gm. 
38.  34-2. 

40.  24-25  ccm. 


CHAP.  XIX.] 
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The  Halogen  Compounds  of  riiospiiouu.s. 


41.  45'73  1.  elilorine  ? 

58 '25  ccm.  oxychloride. 

43.  PjOjClj. 

45.  3'265  gill. 

47.  1163-2  1. 

49.  137? 

51.  Sodium  29 '36  %.  52. 

Phosjdiorus  26 -38  %. 

Oxygen  44 ‘26  %. 

55.  11-88  1.  ! 

57.  105-4  ? 


42.  201-44  gm. 

44.  153. 

46.  951-75  com. 

48.  17-54  1. 

50.  954-361. 

([MgFe]0)„(P.,0,),(AL0,),(H.,0),,. 

53.  5-309  gill.  ! 

54.  9-17  1.  ! 

56.  4 -.553  1.  ! 

58.  1 -016  gm.  ! 


CHAPTER  XI.X. 
Aksenic. 


1.  181-8  gm.  carbon. 
757-6  gm.  ansenic  ? 
339-4  1.  monoxide  ? 

5.  Silver  65-45  %. 
Arsenic  15-15  %. 
Sulphur  19-4  %. 

7.  542  ccm, 

9.  Copjier  33-8  %. 
Hydrogen  0-53  %. 
Arsenic  40-04  %. 
Oxygen  25-63  %. 

a 18 
11.  Arsenic  70-1  61 

Sulphur  29-9  39 

15.  8-42  1.  nitrate. 

14-34  kilo,  arsenate. 
1-185  cub.  ni.  trioxidc. 
17.  90-909  gm.  arsenic. 

45-03  I.  chlorine. 

19.  238-7  ccm.  ? 

21.  Copper  24-99  %. 
Arsenic  44-42  %. 
Carbon  4-74  %. 
Hydrogen  0-59  %. 
Oxygen  25-26  %. 


2.  4-7084  gm. 

3.  399-88  ! 

4.  26-79  gm.  ? 

6.  124-24  gm.  orpiment, 
19-4  1.  ? 

8.  9-4412  grains. 

10.  Potassium  40-62  %. 
Arsenic  26-04  %. 
Sulphur  33-33  %. 

y 12.  156-1  grains. 

48-4%.  13.  13-97  gm. 

51-6%.  14.36-55  1. 

16.  354-5  gm.  fluorspar. 
242  ccm.  sulphate  ? 
400  gm.  trilluoride. 
18.  0-2275  gm. 

20.  3-482  gm. 

22.  As  = 74-91. 

23.  8-29  gm.  ! 

24.  733  5 ccm.  ! 


150 


ANSWERS. 
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CHAPTER  XX. 


Antimony. 

1.  728-6  kilo.  ? 

3.  (a)  17 '24  com. 

(0)  14-71  cciii. 

{7)  10-1  ccin. 

7.  29-3  1. 

9.  49-57  1. 
il.  94 -79  gin. 

13.  72-83  % .stibine 

(a)  (0) 

15.  Bismuth  92-86  89-65 

0.xygeu  7-11  10-34 

17.  Bi=  208-02  ? 

19.  935-39  com.  ? 

21.  A 9-664. 

23.  Carbon  14 -4  6 %. 

Hydrogen  1-2%. 

Pota.s.siuni  1 1 -75  %. 

Antimony  36-14  %. 

Oxygen  33-73  %. 

Water  2-71  %. 


B1.SMUTI1. 

2.  134  gm. 

4.  A 9-935. 
r>.  Sb  = 120-009. 

6.  Sb  = 806-4516. 

8.  0-6678  gm. 

10.  9-007  1. 

12.  5-241  gm. 

14.  507-2°E.  211-2‘’R. 

(7)  (5)  16.  Bismuth  42-98  %. 

86-66  83-87  Nitrogen  8-68  %. 

13-33  16-13  0.\3’geu  29-75  %. 

Water  18-59  %. 

18.  2-506  1. 

20.  11-68  1. 

22.  A 9-09. 

24.  970-6  1.  ! 

25.  2-842  1.  ! 

26.  0-04147  gm. 


CHAPTER  XXI. 

The  Pht.sio.m.  Puoperties  of  the  Metals. — 1. 
Ma.s.s  Volu.me  and  Density. 


1.  (a)  4-65  com. 

{fi)  5-18ccm. 

(7)  8-77  com. 

(8)  169-49  ccm. 

7.  267  gm. 

9.  A 8-013. 

11.  981  kilo.  ? 

13.  8.541 -22  gm. 

15.  864  kilo. 


2.  281  -67  ccm. 

3.  0-2702  gm. 

4.  9-7  gm. 

5.  30-73. 

6.  1 -805  mm. 

8.  5 yards  ? 

10.  5-215  tons. 
12.  392-07  kilo.  ? 
14.  78-38  tons. 

16.  3681  gm. 


0HA1>.  XXII.] 


ANSWERS. 
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17. 

5-3324  cm. 

18. 

27901-7  times. 

19. 

6-156  inches. 

20. 

516-7  gill. 

21. 

0-01335  mm. 

22. 

114  -668  gm. 

23. 

889-2  lb. 

24. 

3062  5 lb. 

25. 

166  654-4  ? 

26. 

944-82  ccm. 

27. 

2-341  1 ? 

28. 

1 mm. 

29. 

3-776  mm. 

30. 

2-08  cm. 

31. 

163-8  lb. 

32. 

0-00002087  cm. 

33. 

54-2134  kilo. 
2809  ccm.  ? 

34. 

11-845  ft. 

35. 

12-24  cm. 

36. 

2-575  kilo. 

37. 

0-02325  cm. 

38. 

1 -9402  cm. 

39. 

0-005782  gill. 

40. 

(a)  0-4278  grain. 
(i3)  3-47447  grains, 

ilALLE.VBILITY  AND  DUCTILITY. 


41. 

318-31  m. 

42. 

3-12  gm. 

43. 

0-0006828  cm.  diaiii. 

44. 

0-004014  mm. 

45. 

6 "4  01  inches. 

46. 

5181  scm. 

47. 

0-0023147  mm. 

48. 

0-00001098  cm. 

49. 

0-04016  mm. 

50. 

0-1616  mm. 

51. 

974-25  gm. 

52. 

46-048  111. 

Tenacity. 

53. 

8-1  kilo. 

54. 

68-96  cm. 

55. 

61-85. 

56. 

141-8  kilo. 

57. 

44-45  tons. 

58. 

4 mm.  iron. 

59. 

62-6  cm. 

3-266  mm.  nickel. 

2-89  mm.  cobalt. 

60. 

286  lb.  ? 

61. 

441-75  kilo. 

CHAPTER  XXII. 

The  Physical  Piiopeuties  of  Metals.— II. 


1.  100  kilo,  copper. 

12  kilo.  tin. 

3.  7-24. 

5.  0'000154  gill. 

7.  3-534. 


Alloys. 

2.  8-71. 

4.  35  volumes  1 
6.  7-16. 

8.  8-915. 


ANSWERS. 


fcHAP.  XXIII. 


9.  8-027.  10.  11-47. 

11.  0-r.511  ccm.  12.  10-138. 

13.  A 10-36  if  110  cliauge.  14.  17-8. 

101-6  vol. 


Fu.siniLiTY. 

15.  411-6“  C.  1040°  C.  16.  82-2°  C.  116-6°  C.  860°  C. 

17.  1099-8°  0.  18.  1520°  C.? 


19.  246-26  yards. 
21.  767-35  mm. 

23.  493-886  ccm.? 
25.  13-56. 

27.  3-91  ccm. 

29.  27-5  ccm.  ? 

31.  0-9532  ccm. 


Exi-an.sibility. 

20.  785-133  mm. 

22.  11409-3  ccm.  at  17-5°  C. 

11398-17  ccm.  at  0°  C. 
24.  13-329. 

26.  20-1  mm.  ? 

28.  122°  C. 

30.  0-03663  calorie. 

0-00012186  ccm. 

32.  0-000031. 


CHAPTER  XXIII. 

POTAS.SIUM. 


1.  1769-2  gm.  carbonate. 

307-69  gm.  carbon. 

3.  1232-1  gm.  carbonate. 

660 -7  gin.  hydrate. 

7.  136-4  ccm. 

9.  Potassium  35-39  %. 
Silicon  12-89  %. 
Fluorine  51-72  %. 

11.  876-5  gm.  chloride. 

1188-2  gm.  nitrate. 

13.  1-19  ].  oxygen. 

4-76  1.  tetroxide. 

15.  33-185  1.  at  0°  C. 

154-741  1.  at  1000°  C. 
17.  1-243  I. 

19.  6-58  at. 

21.  76  1. 

23.  41-36  1. 


2.  229-74  1. 

4.  6-06  1.  ? 

5.  1-616  1. 

6.  17-28  gm.  ? 

8.  K„H. 

10.  Potassium  13-97 
Aluminium  9-67 
Silicon  30-52 
Oxygen  45-84 
12.  12-67  1. 

14.  2536-4  ccm. 

16.  30-7  tons. 

18.  1-067  1. 

20.  KClOj. 

22.  38-18  1. 

24.  K = 38-85. 


* 


CHAPS.  XXIV.,  XXV. 
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CHAPTER  XXIV. 


Sodium. 


1.  8 '68  kilo,  sodium. 

12‘68  cub.  ni.  dioxide. 

3.  Na  = 23  176. 

5.  109‘5  ccm.  113‘3  cciu. 

(a)  (0) 

7.  Sodium  43 '4  16 '08  %. 

Carbon  11'32  4'19  %. 

Oxygen  45 '28  16  78  %. 
Water  62 ‘93  %. 

11.  121 ’3  tonnes  sulphate. 

126’8.  eub.  m.  chloride. 
13.  1213'6  kilo,  .saltcake. 

382 '9  cub.  111.  chloride. 
15.  1004-1  1. 

17.  9574  %. 

19.  Na.,0AL036Si0„. 

21.  1-076  1. 

23.  2-714  cm. 

25.  (a)  1-1115  gm. 

{$)  0-8165  gm.  ? 


2.  84-37  1. 

4.  39-204  %. 

6.  1 -325  k.  carbonate. 
0’925  k.  lime. 


8.  44  -1  % sulphate. 

55-9  % water. 

9.  411-9  lb. 

10.  453  kilo.  ? 

12.  54-93  gm.  sulphide. 

66-56  1.  monoxide. 

14.  2520  kilo,  crystals. 

965-24  kilo,  chloride. 
16.  (a)  496  ccm. 

(0)  992  ccm. 


18. 

20. 

22. 

24. 

26. 


4-348%  1 

‘57%  r 


in  exces.s. 


(a 

(;8)  1 -887 
17-95  lb. 

1-85  1. 

0-629? 

12-17  % pota-ssium. 
30-51  % .sodium. 
57-32  % carbonate. 


CHAPTER  XXV. 
Ammonium. 


1.  NH,C1. 

3.  437-1  1.  ? 

5.  295-4  1.  ? 

7.  3-63  jiints. 

n XT- 

9.  Nitrogen  22-04  35-9  %. 
Hydrogen  7-09  7 '7  %. 

Carbon  14-17  15-4  %. 
Oxygen  56-69  41  %. 


2.  6-788  1.  ? 

4.  36-6  1. 

6.  1758-9  gm. 

8.  26-77  gm. 

10.  19-52  gm  met.aphosphate. 
4-522  1.  ammonia. 

44-99  1.  steam. 
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ITvimOXYLAMINK. 

11.  70-36  1.  nitric  oxide.  12.  487-3  com  of  each  gas. 

109-277  1.  liydrogeu. 

13.  2-0685  1.!  14.  557-2  gm.  water  ! 

15.  3-682  1.  ! 937  gui.  chloride  I 

4-878  gin. 


CHARTER  XXYl. 


Calcium. 

1. 

(a)  40.  0)  23-26. 

2. 

178-57  tons. 

(7)  51-28.  (8)  17-09. 

3. 

2-017  kilo. 

4. 

0-62  gm.  ? 

5. 

CaCOj. 

6. 

C!aC„0,.H.,0. 

7. 

604  -8  cub.  m. 

8. 

2-486  1. 

9. 

470154  1. 

10. 

251000  gal. 

11. 

X X 0-01586  gm.  ? 

12. 

26-68  ccm. 

13. 

2470  gm.  1 

14. 

13-6  gm. 

15. 

26-47  ccm. 

16. 

94-94  gm. 

17. 

42-366  kilo. 

18. 

1 -88  gm.  carbon  dioxide. 

19. 

0-0397  % by  vol. 

20. 

665-2  ccm.  ? 

21. 

CaCl28NI-l3. 

22. 

9-497  1. 

CHAPTER  XXVII. 
Strontium  and  Barium. 


(a) 

(/3) 

1.  Strontium  59-34 

Strontium  47*/ 1 

Carbon 

8-13 

Sulphur 

17-43 

Oxygen 

32-53 

Oxygen 

34-86 

(7) 

(5) 

Barium 

69-54 

Barium 

58-8 

Carbon 

6-09 

Sulphur 

13-73 

Oxygen 

24-36 

Oxygen 

27-47 

9.  8-336  gm. 

10. 

11.  186-956  gm. 

12. 

13.  8-47  1. 

14. 

15.  15-147  1. 

16. 

17.  24-77  gm, 

. chloride. 

18. 

2-274  1. 

dioxide. 

19.  0-04016  gm. 

20. 

%• 

%• 

%• 

%• 

%• 

%- 


2. 

3. 

4. 

5. 

6. 

7. 

8. 


3-254  gm. 
7-883  I. 
1-062  1. 
1-7132  gm. 
69-54  %. 


539 -5  ccm. 
489-6  gm. 
0-723  gm. 
Sr  = 87-5? 
0-0467. 
5-862  kilo. 

2 '585  gm. 


6-27  gm.  barium. 
0-3894  gm.  calcium- 


CHAPS,  xxviii.,  XXIX.]  ANSWERS. 
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CHAPTER  XXVIII. 


Alu.minium. 


1. 

(a)  24  "23  ffin. 

2. 

359-37  gm.  .sodium. 

(0)  12 '85  gm. 

140  "62  gm.  aluminium. 

(y)  24-77  gm. 

3. 

5-897  gm. 

4. 

3-282  1. 

5. 

13-8  gm. 

6. 

0-29605  ccm. 

7. 

Al  = 27-05. 

8. 

(a)  4255  gm.  ? 

03  ) 9294  gm. 

9. 

(a)  11-26  gm. 

10. 

[FeMg]0[Al„Fe„]03. 

03)  4-944  1. 

11. 

70-42  1. 

12. 

269-7  ? 

13. 

5-679  gm. 

14. 

15-6  1.  ? 

15. 

Al  = 27-4. 

16. 

4-489  1. 

17. 

13-69  1.  ! 

18. 

AL,Na,F„. 

19. 

Al„Na„Si,S-0,„. 

20.  ([FeMg]0)(Al„03)5(Si0j)3„12P 

CHAPTER  XXIX. 


Magnesium. 


(“) 

w 

1. 

(a)  289-1  gm. 

2. 

Magnesium 

14-61 

26-33 

(I3)  132-3  gm. 

Silicon 

25-51 

20-43 

(7)  99-  gm. 

0.\ygen 

38-32 

40-29 

Water 

21-56 

12-95 

3. 

31  -28  gm. 

4. 

9-71  1. 

5. 

482-3  gm.  sodium. 

6. 

1-975  1. 

255-8  gm.  magnesium. 

8. 

79-09-1. 

7. 

3-366  1. 

10. 

196  ccm. 

9. 

Mg =24  -006. 

12. 

2-92  kilo.  ? 

11. 

mf/=12-2  ? 

265-4  1. 

13. 

42-04  kilo. 

14. 

75  °/r.  calc.  carb. 

15. 

15-94  1.  ! 

25  % magn. 

carb. 

16. 

3-298  %. 

17. 

1-41  cm.  ! 
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CHAPTER  XXX. 
Zinc. 


1.  (a)  Zinc  67  T5  %. 
Sulphur  32 '85  %. 
(,8)  Zinc  52T7  %. 
Carbon  9 '57  %. 
Oxygen  38 ‘26  %. 
5.  16427  cub.  ni. 

7.  183 '7  ccm. 

9.  22 '234  gin. 


2.  ZnaSiO^.HoO. 

“(a)  (6) 

3.  Carbon  95'6  123 '2  gm. 

Monoxide  178 '6  330  1. 1 

4.  1244 '6  gm. 

815-5  1.  ? 

6.  400-4  lb. 

8.  =71  = 32-4? 

10.  14-55  1. 


Cadmium. 


11.  Cadmium  77 '78  %. 

Sulphur  22-22  %. 

13.  ZiigCaOueHaO. 

15.  290-88  gm.  ! 

17.  Zn(C2H5)2. 


12.  307-14  gm. 

20  1. 

14.  Cd  = 112-6.  CdCl,. 

16.  CU3,Zll]5. 

18.  10-856  gm. 


CHAPTER  XXXI. 


Manganese. 


1.  (a)63-2gm.  ? (5)22-8gm. 
(/3)69-6gm.  (e)  10-95  gm. 

(y)  63-2  gm. 

3.  Mu  = 54-967. 

5.  43-54  1. 

7.  42,328  1. 

9.  (a)  18-39  gm. 

(/3)  19-39  gm. 

(7)  25-316  gm. 

13.  3-6  1. 

15.  43-6  %? 

17.  0-0007595  gm.  ? 

19.  29-31  gm.  ! 


2.  77-46  gm.  manganc.sc. 
31  -55  1.  monoxide  ? 

4.  Mn  = 54-972. 

6.  5-432  1. 

8.  207-1  kilo. 

10.  4-76  1. 

11.  432-47  lb. 

12.  85-63  %. 

14.  75-62  %. 

16.  7-11  1. 

18.  3-I6  gm. 

20.  10  %. 


cHAi'S.  xxxii.,  xxxiii.]  ANSWERS. 
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CHAPTER  XXXII. 


Iron. 


1.  (a)  72-4 gin.  (S)  48-3 gin.  ? 

2. 

90  tons. 

(;8)70gin.  (e)  46-67  gm. 

3. 

6578  cub.  m. 

(7)  59-89  gin.  (0  56-75  gin. 

4. 

27-01  1.  ? 

5.  45-347  1. 

6. 

1496-6  1. 

7.  266-7  ccin. 

8. 

2-265  com. 

9.  5-87  1. 

W.  fe  = 28. 

49-75  gin. 

11.  1330-409  kilo. 

12. 

Fe  = 56-06? 

13.  58-8  gni. 

14. 

(al  6-79. 

(a)  (B) 

(/8)  10-67. 

15.  Iron  94-92  97-39  %. 

16. 

Fel25H20. 

Cai-hoii  5-08  2-61  %. 

17.  Fe(CO)5. 

18. 

325. 

19.  1-545  1. 

20. 

681 -5  ccm. 

21.  90-6  1. 

22. 

2-286  gni. 

23.  0-01738  gin. 

24. 

FojSSOjOHoO  coquimbite. 

25.  27-128  gni. 

26. 

FC5N3. 

27.  FcjSSOj. 

28. 

(NIl3)„Fe„4S04.14Il20. 

(NIl4);Fe2S04.6Ho0. 

29.  294-7  gni.  iron. 

30. 

91-88  1. 

123-495  1. 

31.  132-22  1. 

32. 

42-67  1. 

33.  16-33  tons. 

34. 

1-772  pcnnanganate. 

1-14286  dichromatc. 

35.  (a)  0-005316. 

36. 

79-74  % iron. 

(B)  0-003428. 

38. 

0-042  gin.  iron  in  1 ccm. 

37.  29-95  % iron. 

43. 

Carbon  combin.  0-627  %. 

39.  FcjiOij. 

,,  graphite  0-102  %. 

40.  FejSgOio. 

Silicon  0-026  %. 

41.  Fe  = 56'!  ? 

Sulphur  0-005  %. 

42.  Iron  18-9%! 

Manganese  0-12  %. 

Ferrous  oxide  81  "1  % ! 

Iron  and  loss  99-12  %. 

CHAPTER 

, XXXIII. 

Nickel. 

1.  1247-8  1. 

2. 

3-215  1. 

3.  74-48  gni. 

4. 

5-185  1. 

5.  0-435  gni. 

7. 

Nickel  11-84%. 

1-115  1. 

Potassium  31-84  %. 

6.  0-0309  mm. 

Nitrogen  17  14  %. 

8.  (NIl3)2NiS04. 

Oxygen  39-18%. 
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[chap.  XXXIV. 


Cobalt. 


9.  CoA.sS  cobalt-glance.  10. 

11.  128’96  OTTi.  cobalt.  12. 

635 '96  1.  steam  aiul  dio.xiJe. 

13.  I’otassiuin  35 '24  %,  14. 

Cobalt  17-77  %. 

Carbon  21'69  %. 

Nitrogen  25 ’3 


15.  4-52  ccm. 

17.  Foi.NijI’j. 
19.  Co  = 59-03! 


%• 

16. 

18. 

20. 


42-706  1. 

199-56  1. 

Cobalt  22-73  %. 
Chlorine  41-04  %. 
Nitrogen  26-97  %. 
Hydrogen  5-78%. 
Water  3-47  %. 
1-517  1. 

Co3As„Oy8H.,0. 
85-79  % cobalt. 


CHAPTER  XXXIV. 
CiinoMiUM. 


(a)  W 

].  Chromium  46-42  68-42  %. 
Iron  25 

Oxygen  28-58  31-58  %. 
3.  63-99  gm.  .sodium. 

48-22  gm.  chromium. 

5.  14-72  gm.  oxide. 

5-426  1.  oxygen. 

7.  Cr,037H,0. 

9.  131-58  gm.  .sulphide. 

39-11  1.  dioxide.  ? 

11.  5-75. 

13.  94-89  gm. 

15.  Cr.  = 52-47. 

17.  5091-8  gm. 


ClIllOMlUM 

19.  13-13  tons? 

21.  857-1  gm. 

22.  13-05  i. 

23.  124-4  gm. 

24.  3-496  1. 


2.  111-5  gm.  chromium. 

78-92  1.  monoxide. 

4.  247-5  gm.  zinc. 

131-2  gm.  eltromium. 

6.  517  gm.  oxide. 

8.  K^CrCfiOio. 

10.  746-8  ccm. 

12.  181-58  1. 

14.  7-45  1. 

16.  Cr  = 52-2. 

(»)  (B) 

18.  Chromium  76-4  61-9  %. 
O.xygen  23-5  38-1  %. 


Tiuoxide. 

20.  (a)  295-9  ccm.  acid. 

(13)100-9  „ „ 

25.  Pota.s.sium  22-35  %. 
Chlorine  20-35  %. 
Chromium  29-8  %. 
Oxygen  27-5  %. 


CHATS,  XXXV.,  XXXVI.] 
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26.  KoCrjOii). 

28.  Cr  = 51-977. 

30.  (a)  -0016326  avail,  ox. 
($)  -01143  gm.  iron. 
(7)  -01408  gm.  lead. 
33.  11 -432  1.  nitrogen. 

76  gm.  oxide. 

36.  17-92  ccm. 

38.  5-3. 


27.  Cr  = 52. 

29.  (a)  0-24  gm.  in  trioxidc. 

{(})  0-16326  gm.  in  diclirom. 

31.  11-04  1. 

32.  10-14  1. 

34.  7-407  1. 

35.  16-394  1. 

37.  16-67  gm.  oxide. 

5-02  I.  chlorine. 

1-255  1.  oxygen. 


CHAPTER  XXXV. 
Tix. 


1.  Tin  78-67  %. 

2. 

Oxygen  21  -33  %. 

4. 

3.  160  kilo,  charcoal. 

5. 

315-07  cub.  m.  dioxide. 

6. 

7.  6-809  1.  ? 

8. 

9.  Hydrogen  0-84  %. 

10. 

Tin  74-05  %. 

11. 

Oxygen  25-1  %. 

13. 

12.  450  gm.  tin  salts. 

14. 

46-39  1.  hydrogen. 

15.  SiiC1^2NH4C1, 

16. 

17.  265-6  for  SnCI.,. 

18. 

377-6  for  Sn.iCL. 

19.  11-994  1.  ■ 

20. 

21.  0-2684  gm.  ? 

22. 

CuoFe  S11S4. 

Sn'=  118-08. 

Sn  = 118. 

5.58-73  1. 

179-6  gm.  carbonate. 
227-1  gm.  oxide. 
Na.,SnOj4Iip. 

H^SiijOig. 

5-907  1. 

23-15  1. 

415-82  1.  ? 

S11S.J. 

3-558  1.  ? 

0-Q2632  gm. 


CHAPTER  XXXVI. 
Lead. 


I.  (a)  86-6%. 

03)  77-52  %. 

(7)  68-31  %. 

3.  38-02  kilo,  carbon. 
655-88  kilo,  leail. 

74-3  cub.  m.  monoxiile. 


2.  900  kilo,  galena. 
I8I8-7  kilo.  lead. 
207-6  cub.  m.  dioxide. 

4.  43-63  kilo,  litharge? 
2191-3  1.  oxygen. 

5.  9-558  cub.  m. 

6.  Pb  = 207-08. 
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[chap.  XXXVII. 


7.  8-495  1. 

9.  68-51  L 
11.  PbjOj. 

13.  Pb8Cl.,07. 

15.  Pb  = 207-1. 

17.  Pb  = 206-77  ? 

19.  Lead  64-09  %. 
Chromium  16-1  %. 
Oxygen  19-81  %. 

23.  4-824  1. 

25.  54-6  %. 

27.  1419-4  gm.  acetate. 


8.  270-85  gm. 

10.  27-511  gm. 

12.  14-44  gm. 

14.  0-9447  gm.  nitrate. 

0-9476  gm.  iodide. 

16.  21-833  1. 

18.  PbClCjHaO.,. 

20.  3Pb0.2Cr03  ? melanocbroite 

21.  0-0012866  % lead. 

22.  429-1  gm. 

24.  8-046  1. 

26.  588-4  gm.  litharge? 

752-4  ccm.  acetate. 

28.  30-83  I. 


29.  8-5  1. 

30.  Carbonate  68-05  % 

31.  Pb(CH3)4. 

11  yd  rate 

30-71  % 

32.  596-6  ccm.  ! 

Impurity 

1-24% 

CHAPTER 

XXXVIl. 

COPPKK. 

(“) 

(0) 

(7) 

1 . Copper 

45-43 

57-39 

55-21  %. 

Carbon 

8-63 

5-44 

6-98  %. 

Oxygen 

45-94 

29-01 

32-57  %. 

W.ater 

8-16 

5 "23  %. 

2.  CuSi032H50.  chi-y.socolla. 

3.  28-6  gm. 

5. 


1837-8  gm. 
1236  1. 


6.  Cu  = 63-17  ? 


7.  25-46  gm.  copper. 

18-91 1.  .steam. 

10.  14-86  gm.  cojiiier. 

46-4  gm.  chloride. 

13.  CuCl5.3CuO.4HjO. 
Ataeamite. 

16.  3938-3  gm.  sulphate. 

370-72  1.  dioxide. 
18.  0-6393  gm.? 

21.  1-3857  1. 

22.  469-4  gm. 

23.  CiiCOsHoCuO,. 

25.  1-4547  1. 


8.  1-4094  gm. 

9.  117-06  gm. 

11.  200-1. 

12.  38-07  1. 

14.  CuSOjSCuHoO,,. 

15.  9-473  1. 


17. 


19. 

20. 


24. 

26. 


142-7  ccm.  sulphate  ? 

84-77  gm.  copper. 

26-1  % copper. 

(5) 40-4  %. 

(6)  44-16%. 


7o  co]->p( 
(a)  10-15  %. 
03)18-43  %. 
(7)36-1  %. 
20-012  1.  ? 
Cu  = 63-68. 


CIIAI’IJ.  XXXVIII.,  XXXIX.]  ANSWERS. 
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CHAPTER  NXNVIJI. 


1.  tJ8fl6'.')5  gin.  incTcuiy. 
809 '2  1.  <lioxi(lo. 

8.  Hg=  199-8. 

5.  40  % sodiiini. 

7.  19 '4 7 atino.s. 

9.  4-014  1. 

11.  94-36  cc'in.  iiitrairy. 

1 -72  kilo,  i-liloride. 
13.  292-5  gin.  .salt. 

677-5  gin.  chloride. 

15.  2-6507  gin. 

17.  110-89  1. 

19.  Alercnry  82-42  %. 
Sulphur  4-39  %. 
O.xygen  13-19  %. 

20.  59-2  gin.  .sul]ihate. 

5-12  1.  dioxide. 


Mkkcuuv. 

2.  201-4. 


4.  .s]).  ht.  0-0344S. 
6.  Jlg.,Cd. 

8.  llg(CJI,).,. 

10.  38-524  gin. 

12.  237. 


14.  HgCl.,.2H,NCl.IRO. 

Sal  aleinbroth. 

16.  11-392  1. 


18. 


21. 

00 


iMercury  71-68%. 
llydrogen  0-36  %. 
Nitrogen  5-02  %. 
Oxygen  22-94  %. 

H_g  = 200-14. 

■164-3  gin.  ]iot.  iodide. 
634-9  gin.  mere,  iodide. 


OllAPTER  NNNIN. 


SiLVKK. 


1.  (a)  Silver  75-26  %. 
Chlorine  24  -74  %. 
I3)  Silver  87-1  %. 
Snlpluir  12-9  %. 
5.  2-195  1. 

7.  Ag=  107-04! 

9.  AggClI.^. 

10.  Ag„Hg,. 

11.  535-8  ccni. 

13.  441-37  cciii. 

15.  Silver  85-71  %. 
Hydrogen  0-4  %. 
Oxygen  6-35  %. 
Fluorine  7-54  % 

20.  2Agri.3Nll,,  95-7 
7Agr'1.10NII.,  100-45 
16,\gC1.23NIl3  99-82 
23.  703-4  gin.  .suljihate. 
53-895  1.  dioxide. 


2.  Ag3A.sS,. 

3.  (a)  9-366  lb.  iron. 

10)  66-9  lb.  inerclirv. 

■1.  272,180  1. 

6.  182-9  % by  vol. 

0-02485  % by  in.a.s.s. 

8.  194235  .shilling.s  tl-0815  ton, 

12.  (a)  .-)44 -1  CCIII. 

542  ccin.  ! 

(B)  272  CCIII. 

1-1.  (a)  99-9  CCIII.  ? 

(B)  199-8  CCIII.  ? 

16.  Ag  - 107-98. 

17.  Ag  = 107-99. 

18.  184-66  gin. 

19.  5-4167  gin. 

gin.  chloride.  21.  77-15  gin. 

>-  ..  22.  8-775  1. 

j'  >i 

24.  755-5  gin.  nitrate. 

35-25  1.  oxide. 


.\I 
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CHAPTER  XL. 


1.  13875n-84  sovs. 

1-0009  ton. 


3. 

.’). 

7. 

0. 


13. 


4 -2  4 -‘2  gm. 
2-747  gni. 
31  -8  coin. 


A11.jO3.4NH  3. 
Fulminating  gold. 
Nitrogen  3-73  %. 
Hydrogen  H07  %. 
Gold  5-2-48  %. 
Chlorine  37 ’91  %. 
Water  4-81  %. 


Gold. 

2.  AuX'u.,.  91-57  % gold. 
4.  All  = 19G-1. 

6.  336  eein. 

8.  AuO. 

10.  (SnO..V.SnOAu.,04lLO. 

11.  2-703  gm. 

12.  30-83  gm. 

14.  5-54-27  gm. 

15.  38-287  gm.  chloride. 

3-9793  1.  chlorine. 

16.  6-4863  gm.  gold. 
2-3227  1.  dioxide. 


17.  43-92  gm.  ? 

19.  Pt|iAs.jj. 

73-43  gm.  ar.senie.. 
21.  817-53  ccni. 

23.  172-18  gm. 

25.  Potassium  16-05  %. 
Platinum  40-12  %. 
Chlorine  43 "83  %. 
pt  - 195-27. 

■29  N.HijPtClj. 


Pl.ATIXrM. 

18.  23-14  gm. 

20.  864-1  gm. 

22.  37-88  gm.  chloride. 

3-354  1.  chlorine. 
24.  10-52  gm. 

26.  Pt=:  197-4. 

28.  Nitrogen  9"3  %. 
Hydrogen  2 %. 

Platinum  65  %. 

Chlorine  23-6  %. 


TABLES. 
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Table  I. — .-Vtomic  'W'eicht.s. 


Aliirainium 

1 Al. 

27 

Antimony  

Sb. 

120 

Arsenic  

As. 

7T) 

Barium  

ISa. 

137 

Bismuth  

I!i. 

208 

Boron  

B. 

11 

Bromine  

Br. 

80 

Cadmium 

Cd. 

112 

Calcium  

Ca. 

40 

Carbon  

C. 

12 

Chlorine  ?>, 

Cl. 

3.6  '5 

Cliromiurn  

Cr. 

.62 

Cobalt  

Co. 

.69 

Copper .... 

Cu. 

63-3 

Fluorine  

F. 

19 

Gold 

Au. 

196-6 

Ilvdrogen  j 

II. 

1 

Iodine  j 

I. 

127 

Iron 

..  Fe. 

1 56 

Lead 

....  Pb. 

207 

Magnesium 

....  Mg. 

24-1 

I'langanese  

....  -Mil. 

55 

Mercury  

....  Hg. 

200 

JS’iekel 

....  Xi. 

58 

Xitrogen 

....  X. 

14 

G.xvgen  

....  0. 

16 

I’liosphorus 

....  p. 

31 

Platinum 

...  j Pt. 

19.6 

I’otiLssium 

...  ! K. 

39 

Silicon 

...  ' Si. 

28-4 

Silver  

108 

Sodium 

...  Xa. 

23 

Strontium 

...  Sr. 

Suli)hur  ... 

...  , S. 

32 

Tin  

118 

Zinc 

65-4 

Table  II. —JIea.suues. 

(i.)  Of  length  {English). 

Tlic  YAUD  is  the  distance  at  62"’  E.  between  twn  mo.i- 
bronze  bar  deposited  with  tlie  Board  of  Trade  ^ 

1 intdi. 

12  inches  = 1 foot. 

36  inches  ==  3 feet  .r:  1 y vki) 

63,360  inches  = .6280  feet  = U60  yards  = 1 .statute  ,nile 
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(ii.)  Of  Length  {Metric). 

Tlie  is  the  leiifjth  at  0°  0.  of  a platiiiiiiii  har  kept  at  Paris 

ami  known  as  tlic  “ Metre  des  Archives.  ’ 

1 millimetre  (mm.). 

10  mm.  = 1 centimetre  (em.). 

100  mm.  = 10  cm.  = 1 decimetre  (dm.). 

1000  mm.  = 100  cm.  = 10  dm.  = 1 metue  (m.). 

10  m.  = 1 decametre. 

100  m.  = 10  decametres  = 1 hectometre.  [kilom. 

1000  m.  = 100  decametres  = 10  hectometres  = 1 kilometre 

The  metre  was  intended  to  be  0*0000001  of  the  fjiiadrant  of  the 
"lobe  pa-ssing  through  Paris.  The  standard  metre  is  about  0*00015 
shorter  than  it  was  intended  to  be. 


(iii.)  Of  Length  {Conversion). 


1 inch  = 0*0254  m. 

1 foot  = 0*3048  m. 

1 yard  = 0*9144  m. 

1 mile  = 1*6093  kilom. 
1 knot  = 1 *855  kilom. 


1 mm.  = 0*03937  inch. 
1 metre  = 39*371  inches. 
1 metre  = 3*2809  feet. 

1 metro  = 1 *0936  j’ard. 

1 kilom.  = 0*6214  mile. 


(iv.)  Of  Area  or  Surface  {English). 
1 square  inch. 

144  sq.  inches  = 1 square  foot. 

1296  sq.  inches  = 9 s<|.  feet  = 1 sq.  yard. 

43,560  .sq.  feet  = 4840  s(|.  yards  = 1 acre. 

640  acres  — 1 square  mile. 


(v.)  Of  Area  {.Uctric). 

1 square  millimetre  (smm.)  ^ 

100  smm.  = 1 square  centimetre  (.scm.). 

10  000  .smm.  = 100  scm.  = 1 square  decimetre  (sdm.). 

l,O0o',000  smm.  = 10,000  scm.  = 100  sdm.  = 1 square  metre  (sm.), 

m’oOO  (sm.)  = 100  ares  = 1 hectare. 


(vi.)  Of  Area  {Conversion). 


1 s([.  inch  = 6*451  scm. 

1 .sq.  foot  = 929*0  .scm. 

1 sq.  yard  = 0*8361  sm. 

1 acre  ■ 4046*7  sm. 

1 sq.  mile  = 2*59  sq.  kilom. 


1 scm. 

1 sm. 

1 sm. 

1 hectare 


= 0*155  sq.  inch. 
= 10*764  sq.  feet. 

: 1 -1 96  .sq.  yards. 

= 2*471  acres. 


1 .sq.  kilom.  = 0*3801.sq.  mile. 


TABLES. 
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(vii.)  Of  J'olumc  or  Capacity  {Englvth). 

A G.vi.LO.N  is  the  volume  oeeupieil  bj-  10  Ib.  of  watei-  at  62°  E. 
1 cubic  inch. 

34'659  cub.  inches  = 1 ]iint. 

277'274  cub.  inelics  = S pt.  = 1 gallon  = 0T6046  cub.  foot. 
1728  cub.  indies  = 49 ‘8.67  pt.  = 6 '2321  gal.  = 1 cub.  foot. 
27  cub.  feet  = 1 cubic  yard. 


(viii.)  Of  I'olinnc  {.Vclric). 

A LITHE  i.s  the  volume  occupied  by  a kilogram  of  water  at  4°  C. 
It  is  very  nearly  a cubic  decimetre. 

1 cubic  centimetre  (ccm.). 

1,000  ccm.  = 1 LITHE  (cubic  decimetre)  (1.). 

1,000,000  ccm.  =:  1000  1.  = 1 stere  (cubic  metre). 


(i.v.)  Of  Volume  (Conversion). 


1 cub.  inch  = 16  "386  ccm. 

1 pint  = 0'5679  1. 

1 gallon  = 4'f)4346  1. 

1 cub.  ft.  = 28-315  1. 

1 cub.  yard  = 0'7645  cub.  m. 


1 ccm.  = 0-06103  cub.  inch 
11.  = 61  -027  cub.  inch. 

1 1.  = 0-2201  gal. 

1 1.  = 0-03532  cub.  ft. 

1 stere  = 1 -308  cub.  yard. 


(.v.)  l>f  M((ss  [English). 

A rouNi)  is  tbe  ina.ss  ot  a certain  piece  of  idatinuin  dei>osited 
with  the  Board  of  Traile. 

_ } (g'l-) 

437-5  gn.  = 1 ounce  (oz.). 

7000  gu.  = 16  oz.  = 1 Hor.vi)  (lb.). 

2240  lb.  - 20  hundredweight  (cwt.)  = 1 ton. 

1 iiound  troy  = 12  ounces  troy  = 5760  gn.  = 0-823  Ih. 

A cubic  foot  of  water  at  4°  weighs  about  62-4  lb.,  or  1 lb.  of 
water  occupies  about  O-01602  of  a cubic  foot. 


(xi.)  Of  Mas.<!  {ilfetric). 

The  KiLOGiiA.M  is  the  ma.ss  ot  a piece  of  platinum  at  Paris  known 
as  the  “ Kilogramme  des  Archives.’ 

1 milligram  (mgm.). 

10  mgm.  = 1 centigram  (cgm.b 

100  mgm.  = 10  cgm.  = 1 decigram  (dgm). 

1000  mgm.  = 100  cgm.  = 10  dgm.  = 1 gram  (gm.). 

1000  gm.  = 1 KiLOGHAM  (kilogO. 

1,000,000  gm.  =:  1000  kilog.  = 1 tonne. 
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The  gi;un  was  intended  to  be  and  very  nearly  is  the  nia.ss  of 
1 ccTti.  of  water  at  1°  C.  Hence  a litre  of  water  weiirhs  about 
1 kilng. 


(.xii.)  Of  Mass  {ConvcrsioiO. 


1 grain 
1 oz. 

1 oz.  troy 
1 lb. 

1 cwt. 

1 ton 


= 0'0648  gin. 

= 28 '35  gin. 

= 311  gin. 

= 4.53 '593  gin. 

= f)0'8  kilog. 

= 101 6 '05  kilog. 


1 gram  = 

1 kilog.  = 

1 tonne  = 


15'132  grains. 
2-2046  lb. 
0'9842  ton. 


Table  HI. — Mensurai'ion. 

71  = 3-1416.  - = 0-3183. 

TT 

A right-angle  = 90  degrees  (°)  = 5400  minutes  (')  = 324,000 
seconds  ("). 

1 80^ 

A radian  = = 57 '3°  ? = 206,264-8". 


Li-nglh. 

1.  Circle,  r.adiiis  r L = 2m\ 

Plane,  .liras. 

1 . Square,  side  a .1  = a-. 

2.  Triangle,  base  c,  jierpendiciilar  A = ierf. 

3.  Hectangle.  sides  a,  b A = ab. 

4.  Circle,  radius  r A = 

5.  Ellipse,  seiniaxcsn,  b A = irab. 

Surfaces. 

1.  Cube,  edge  ft  .S' = 6ft-. 

2.  S])here,  radius  r .S'  = 47r/--. 

3.  Cylinder,  radius  r,  height  h .S'  = ‘2m-{r  + h). 

4.  Spherical  .“egnient,  radius  r,  height  h S'  = 2vrk. 

5.  Cone,  slant  height  /,  radius  r .S'  = 7r7-('/-  + 1). 

J'olunics. 

1.  Culic,  edge  ft  V = a". 

2.  Rectangular  ])aralleloju]ied,  edges  a,  b,  c — V = abc. 

3.  S]ihere,  radius  ?- V = 

4.  .‘spheroid,  radii  a,  b,  b /'=  isalfl. 

5.  Cylinder  or  i>rism  I' = area  of  base  x height. 


ti.  Cone  or  jiyrainid  ~ a area  ol  base  x height. 


TA  BLES. 
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Tahlf,  IV. — Tension  of  Aqueofs  VArorii  in  .mm.  of  AIeucuiiy. 


t°  c. 

min. 

t°C. 

Him. 

c 

mm. 

t°  C 

mm. 

0 

•1  *6 

10 

9-1 

20 

17*4 

30 

31-5 

1 

4-9 

11 

9-8 

21 

18-5 

40 

54 -9 

O 

5-3 

12 

10-4 

2*2 

19-6 

50 

92-0 

3 

.5-7 

13 

11-1 

23 

20-9 

60 

1 148-9 

4 

6-1 

14 

11-0 

24 

22  ‘2 

70 

,233  3 

5 

6 '5 

15 

12-7 

25 

23-5 

80 

1 35  4-9 

0 

7-0 

16 

13-5 

26 

25-0 

90 

1 525-5 

7 

7-5 

17 

14-4 

27 

26 '5 

100 

1 760 -0 

8 

8-0 

18 

15-3 

28 

28-1 

1 

9 

8-5 

19 

lli-3 

29 

-29-7 

i 

Taiilf.  V. — .Miscellaneovs  Data. 


jS’.L’. — The  ijaxcs  arc  “ normal  ” aiid  the  mcrcanj  at  0°  C. 


rvassuic  of  the  air  in  f'rams  on  the  .scm.  

,,  jionmls  on  the  .square  ineli — 

„ ,,  nim.  of  mercury  

Grams  in  a litre  of  mercury 

,,  ,,  hydrogen  

jj  If  ■; 

Pouiuls  in  a cubic  foot  of  liydrogen 

nil*  

) j } t 1 » 

density  of  ai|ueous  vai)Our  (Air  = 1.)  (J  ?) 

Litre.s  occujiied  hy  a number  of  grams  of  any  gas  \ 

0([ual  to  the  molecular  weight  I 

Grams  of  air  in  22’32  1 

I’ereentago  of  oxygen  in  air  hy  volume  

))  ff  ff  imuss  

,,  of  carbon  dioxide  in  air  by  volume 

Latent  heat  of  water 

.,  of  steam 

('oelhcient  of  expansion  of  a gas  when  heated  ( 

from  0°  to  1''  C \ 

Cneflicient  of  ex])ansion  of  mercury  for  1°  t ’ 

,,  ,,  in  glas.s 


1033-3. 

M-7. 

700 
1 3500 

o-osoo. 

1 -203. 

0 00.5592. 

0 08072S. 
0-0-23H. 

22 -4  ? 

22- 32  ! 
28-872. 

21 

23- 3. 

0-04. 

79 

536 

> J 
ISTTI  ' 

0-00367  ! 

1 

4 >»  U • 
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TABLE  VI. 


The  LooAnrriiMS  of  1 + -00367 1. 


toe. 

Lo),'. 

I). 

-30 

T-9493 

18 

-20 

1-9669 

17 

-10 

1-9838 

16 

0 

-0000 

6 

-0079 

li) 

10 

•0157 

15 

15 

•0233 

20 

•0308 

25 

•0381 

15 

14 

30 

•0454 

35 

•0525 

40 

•0595 

45 

•0664 

14 

50 

•0732 

13 

55 

•0799 

CO 

•0864 

05 

•0929 

70 

•0993 

13 

12 

75 

•1056 

80 

•1118 

85 

•1179 

00 

•1240 

95 

•1299 

12 

11 

100 

•1358 

105 

•1416 

110 

•1473 

115 

•1529 

11 

toe. 

I>OK. 

I). 

120 

•1585 

11 

125 

•1640 

130 

•1694 

135 

•1748 

11 

10 

140 

•1801 

145 

•1853 

150 

•1905 

155 

•1956 

160 

•2006 

165 

•2056 

170 

•2106 

175 

•2154 

10 

180 

•2203 

185 

•2250 

y 

190 

•2298 

195 

•2344 

200 

•2391 

205 

•2436 

210 

•2481 

215 

•2526 

220 

•2571 

225 

•2614 

230 

•2658 

235 

•2701 

9 

8 

240 

•2743 

245 

•2786 

250 

•2827 

8 

toe. 

Log. 

D. 

255 

•2869 

8 

260 

•2910 

265 

•2950 

270 
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Air,  composition  and  mass  of,  167 
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Ammonia,  cx.  50 
.\mmonia,  an,i.  140 
Ammonium,  e.r.  06 
Aiiimonium,  153 
Antimony,  fx.  S3 
Antimony,  ans.  1.50 
Aquemis  vapour  tension,  167 
Area,  164 

Areas,  mensuration  of,  166 

Arsenic,  ex.  SI 

Arsenic,  ans.  149 

Atmospliero,  cx.  51 

Atmosphere,  ans.  140 

Atomic  weights,  determination  of,  21 

Atomic  weights,  table  of,  163 

Barium,  cx.  lOO 
Barium,  ans.  154 
Barometer,  4 
Bisimith,  cx.  S4 
Bismuth,  ans.  1.50 
Boron,  cx.  73 
Boron,  ans  146 
Boyle’s  law,  5 
Bromine,  cx.  63 
Bromine,  ans  143 

Cadmium,  cx.  lOii 
Cadmium,  ans.  156 
Calcium,  cx.  OS 
Calcium,  ans.  154 
Carbon,  cx.  54 
Carlxin,  ans.  141 
Clilorine,  cx.  59 
Chlorine,  ans.  142 
Chlorine,  oxides,  density  of,  11 
i'hromium,  cx.  116 
Chromium,  ans.  158 
Cobalt,  cx.  114 


Coball,  ans.  1.5S 

Conversion  of  English  and  metric 
measurements,  164,  5,  6 
Copper,  ex.  124 
Copper,  ans.  160 

Density  of  solids  and  licjuids,  1 
Density  of  g.ascs,  9 
Density,  anomalous,  11 
Diffusion  of  gase.s,  1 1 
Dulongand  Petit's  law,  19 

Equations,  solution  of,  14 
Equivalents,  determination  of,  20 
E.\)>ansion,  6 

Fluid  jirossuro,  3 
Fluorine,  cx.  66 
Fluorine,  ans.  144 
Foot,  163 

Gallon,  165 
Gay  Ivuasac's  lawq  6 
Gold,  ex.  131 
Gold,  ans.  162 
Graham's  law,  11 
Gram,  165 

Heat  of  chemical  .action,  19 
Heat,  specific  and  atomic,  19 
Hydrogen,  density  of,  10,  167 
Hydrogen,  m.a.ss  of  (erith),  9 
Hydrogen,  c.c  41 
Hydrogen,  ans.  137 
Hydroxyl.amino,  ex.  97 
Hydroxylamine,  aiis.  154 

Iodine,  ex.  64 
Iodine,  ans  144 
Iron,  cx.  109 
Iron,  ans.  157 

Kilogram,  165 
Knot,  103 
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Lead,  ex. 

Lead,  (ins.  laU 
Litre,  l(io 

I.Offarithin.s  of  (1  + at.),  108 
Logarithms,  table  of,  100 


Magne.sium,  ex.  104 
Magnesium,  ans.  155 
Manganese,  ex.  107 
Manganese,  rins.  150 
Mass,  volume,  and  density,  1 
Milss,  volume,  and  demsity,  ex.  3‘i 
Mass,  volume,  and  density,  aas.  134 
il  ensures,  ex  32 
Measures,  (ins.  131 
Measures,  tables  of,  103 
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Mercury,  ex.  127 
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Mercury  density,  107 
Metals,  jihysical  in-operties,  ex.  SO,  SO 
Metals,  idiysieal  nroiierties,  aas.  150, 
151  ’ 

Metre,  104 

Miner.als,  formulai  of,  27 
Jlolecular  weights,  determination  of. 


Kadiin,  100 

Silicon,  ex.  7.5 

Silicon,  ans.  147 

Silver,  ex.  120 

Silver,  ana.  101 

Sodium,  ex.  04 

Sodium,  ana.  153 

Solubility  of  solids,  20 

■Solubility  of  gases,  30 

Specific  gravity,  2 

Specific  heat,  10 

Stere,  105 

Strontium,  ex.  100 

Strontium,  ana.  154 

Sul]ihur,  ex  O.S 

Sul]ihur,  ana.  145 

Surfaces,  mensui-ation  of,  100 

Tcmpei-atures,  convci-sion  of,  5 

Tension  of  aqueous  vapum-,  107 

Thermometers,  5 

Tin,  ex.  120 

Tin,  ana.  150 

Ton,  105 

Tonne,  105 


Jlolecular  weights,  ex.  34 
Molecular  weights,  ana.  134 

Nickel,  ex.  114 

Nickel,  t(n.a.  157 

Nitrogen,  ex.  40 

Nitrogen,  etna.  130 

Normal  pressure  .and  temperature, 

Oxygen,  ex.  38 
Oxygen,  ans.  137 

V,  100 

Percent,  composition,  determination 
of,  8 

Per  cent,  composition,  ex.  5S 
Per  cent.  comi>osition,  ans.  142 
Phosphorus,  ex.  77 
Phosiihorus,  ana.  147 
Platinum,  e.r.  132 
Platinum,  ana.  102 
Potiussium,  ex.  !)2 
Pot.assium,  ans.  152 
Pound,  105 

Pressure  and  volume,  5 
Pressure  and  volume,  cx>  35 
Pressure  and  volume,  ans.  130 
Pressure  of  air,  4 


Va])nur  densities,  auom.alous,  11 
\apour  densities,  detennination  of, 
10 

Va])our  densities,  ex.  58 
Vapour  densities,  ans.  142 
Volume,  mass,  &c.  of  solids,  1 
I'olumo,  mass,  &c.  of  solids,  ex.  32 
Volume,  m.a.ss,  .tc.  of  solids,  ecus.  134 
Volume  and  mass  of  gases,  12 
Volume  and  mass  of  gases,  ex.  30 
Vcjlume  and  m.a.ss  of  gases,  ana.  130 
Volume,  variation  with  pre.ssuro,  3 
Volume,  variation  with  temperature, 
(1 

Volume,  mensuration  of,  100 

Water,  ex.  43 

Water,  ana.  138 

Water,  nniss  of  cubic  feet,  105 

Water,  tension  of  vapour,  107 

Weight,  2 

M’cight,  me.asures  of  (mass),  105 

Yard.  103 

J^inc,  ex.  105 
Zinc.  ana.  150 
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